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EFFECTS OF DISCRIMINATION TRAINING ON 
STIMULUS GENERALIZATION ! 


HARLEY M. HANSON? 


Duke University 


The present study utilizes operant 
conditioning techniques to investigate 
the effects of discrimination training 
on the generalization gradient. Pre- 
vious experiments have shown orderly 
wavelength generalization gradients 
following variable interval (VI) rein- 


forcement of the key-pecking response 


in the pigeon to a monochromatic 
stimulus (Guttman & Kalish, 1956). 
The present experiment investigates 
whether a comparable gradient can 
be obtained after differential rein- 
forcement of two monochromatic stim- 
uli and, secondly, what changes in the 
gradient will take place after such 
discrimination training. An addition- 
al aim of the experiment is to investi- 
gate the formation of discriminations 
with various S*, S~ differences. 


‘This paper is based on a dissertation 
submitted to the Department of Psychology, 
Duke University, in partial fulfillment of the 
requirements for the Ph.D. degree. A 
preliminary report appeared in Hanson 
(1957). This research was supported by 
Grant MH-1002 from the National Institute 
of Mental Health to Norman Guttman, who 
served as research adviser. Thanks are due 
Deborah Nickerson who prepared many of 
the figures and helped with calculations. 

2? Now at Merck Institute for Therapeutic 
Research, West Point, Pa. 


Certain predictions concerning 
the postdiscrimination gradient have 
been forwarded by various theorists. 
Spence (1936 ; 1937 ; 1942), in his anal- 
ysis of transposition, considers the 
basic mechanism in discrimination to 
be the interaction, i.e., algebraic sum- 
mation, of excitatory and inhibitory 
gradients. The most important im- 
plications of a Spence-type theory for 
the present situation’ are the follow- 
ing: (a) The postdiscrimination gra- 
dient will be steeper than the gener- 
alization gradient in the region of S~. 
(6) If a complete discrimination is 
developed, the value of the post- 
discrimination gradient will be zero 
at S~. (c) The mode of the post- 
discrimination gradient will be dis- 
placed away from S~ in relation to the 
mode of the generalization gradient. 
(d) The magnitude of this displace- 
ment will increase as the St, S~ dif- 
ference isreduced. (e) The maximum 
heights of the postdiscrimination gra- 
dients will be reduced as the S*, S 
difference is reduced. (f) The post- 

*For the present analysis, the generaliza- 
tion gradient is equated to Spence’s gradient 
of excitation, and the postdiscrimination 
gradient is equated to Spence’s residual or 
summated gradient. 
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discrimination gradient will be a 
fractional part of the generalization 
gradient and will nowhere exceed it. 

Hull (1936; 1943; 1950; 1952) 
formally elaborated a theory of this 
type, substantially following Spence’s 
formulation, but Hull’s assumption 
of exponential gradients leads to the 
important difference that no shift in 
the mode of the postdiscrimination 
gradient is predicted. Since both 
Spence and Hull based their theorizing 
on data generated in the selective 
response situation rather than the 
discriminated free-operant situation, 
it must be remembered that the 
applicability of such theories to the 
present experiment is qualified and 
approximate. 

Two previous experiments, by An- 
toinetti (in Hull, 1952) and by Passey 
and Herman (1955), provide only 
limited information about the present 
problem. Both attempted to deter- 
mine the postdiscrimination gradient 
for the brightness continuum, using 
rats in a simple runway. Antoinetti 
obtained a unidirectional generaliza- 
tion curve after training on a black- 
white discrimination. Although he 
reported no control curve with which 
the postdiscrimination gradient might 
be compared, from the data presented 
the generalization decrement from 
black to white appeared to be nearly 
zero. Passey and Herman (1955), 
using similar apparatus and pro- 
cedure, obtained postdiscrimination 
gradients after training on brightness 
ratios of 1:16 and 1:32, the negative 
stimuli being the same for both 
groups. No statistically significant 
differences were found. 

There are few studies which deal 
systematically with the relationship 
between the rate of formation of a 
discrimination and the physical inter- 
val separating stimuli which differ 
only in one dimension. Frick (1948) 
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showed that the response to the 
negative stimulus in an operant con- 
ditioning . experiment extinguished 
more rapidly with increasing St, S 
differences. In a similar experiment, 
using a Graham-Gagné runway, 
Raben (1949) found more rapid ex- 
tinction of the unreinforced response 
with greater brightness differences. 


METHOD 
Subjects.—The Ss were 33 experimentally 
naive pigeons, maintained by restricted 


feeding at 75% to 80% normal body weight. 

Apparatus.—An automatic Skinner-type 
key-pecking apparatus, similar to that 
described by Guttman and Kalish (1956) 
was used. The S’s chamber was 124 X 14 
x 13 in. high, and was located in a dark, 
air-conditioned, sound-protected room. The 
entire experimental box was painted flat 
black, inside and out, with a floor of sand- 
blasted plexiglas. A shielded 25-w. bulb 
was located below the floor. The source of 
illumination for the key was a Bausch and 
Lomb grating diffraction monochromator 
(Model 33-86-40, with 1200 grooves/mm. 
grating), equipped with a 108-w. ribbon fila- 
ment tungsten lamp. The exit and entrance 
slits were set at 5 mm., providing a band 
width of 16.5 muy. 

Procedure.—All Ss were adapted, magazine 
trained, and conditioned to key peck accord- 
ing to a set schedule covering 5 days. The 
schedule was rigidly adhered to for all Ss, 
insuring comparable treatment. The floor 
light was turned off after Day 3; the only 
source of light remaining in the box was that 
falling on the key (the stimulus) and the 
light in the reinforcement magazine, which 
was on only during the reinforcement cycle. 

All Ss were given VI reinforcement for 
5 days following conditioning. Thirty 60-sec. 
stimulus-on periods, alternated with 10-sec. 
stimulus-off periods, were given each day. 
The mean interval between reinforcements, 
not counting stimulus-off time, was approxi- 
mately 60 sec. During stimulus-off periods, 
a shutter operated, removing the light from 
the key and leaving the experimental box 
dark. Reinforcements were never given 
during a stimulus-off period. If a criterion 
of 500 or more responses per session was met 
at the end of 5 days of VI reinforcement, S 
was assigned to one of four discrimination 
groups or the control group. The criterion 
was not met in only two cases, and these Ss 
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were given additional days of VI reinforce- 
ment until the 500-response criterion was 
reached. The four discrimination groups 
were trained with the same positive stimulus, 
550 my, and differed only with respect to 
the negative stimulus. These discrimina- 
tion groups (N = 6 in each group) wil! be 
henceforth designated by the negative stimu- 
lus used: 555, 560, 570 and 590 my.* The 
control group (N = 8) was given no further 
training before generalization testing. 

During discrimination training, reinforce- 
ment of the positive stimulus was maintained 
on the same VI schedule previously used. 
The negative stimulus was never reinforced. 
The positive and negative stimuli were 
presented successively in a prearranged order. 
Fifteen 1-min. intervals of S* and 15 of S~ 
were presented each day. These 30 stimulus 
presentations comprised three blocks of 10, 
and within each block there were 5 positive 
and 5 negative stimuli. These 10 stimuli 
were arranged in a random sequence, taken 
from a table of random numbers—runs greater 
than three being eliminated. Six different 
schedules, containing a different order of 
stimulus presentations for each training 
day, were prepared, and each schedule was 
used with one S in each of the discrimination 
groups. During all sessions, the stimuli were 
changed during the 10-sec. stimulus-off 
period. 

Discrimination training was carried out to 
a criterion of no-responding to the five S~ 
presentations within any one 10-min. block, 
provided that responding to S* continued 
Training was terminated if this criterion was 
not met in 25 days. This occurred in only 
one instance, an S in the 555 my group, whose 
data are not included in the analysis. The 
hypothesis of no differences among the groups 
on the basis of the number of responses made 
on the last day of VI training was tested by 
analysis of variance and was accepted 
(F = .47). 

The day following completion of discrimi- 
nation training, and for all Ss in the control 
group following VI training, tests for generali- 
zation were given. Generalization testing 
was carried out under conditions of extinction. 
The stimulus-on, stimulus-off schedule was 
changed to 30-sec. of stimulus-on, alternated 
with 10-sec.-off. Eight different generaliza- 
tion tests were prepared, of which six were 
paired with the six discrimination schedules. 
Each test consisted of 130 30-sec. periods, 


*The 590 group contained an extra S 
which, due to a clerical error, was not tested 
for generalization. 
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divided into 10 blocks of 13 different stimuli. 
The same test stimuli, 480, 500, 510, 520, 
530, 540, 550, 560, 570, 580, 590, 600, and 
620 my, were used for all Ss. Within each 
block of 13, the stimuli occurred in a different 
random order. On the day following the 
first test, and with no intervening training, 
an identical second generalization test was 
given. 


RESULTS AND DISCUSSION 


Generalization.—The mean gener- 
alization functions for all groups are 
shown in Fig. 1. These gradients 
were constructed by plotting the 
average number of responses to each 
stimulus in the first and second tests 
combined, against the wavelength 
of that stimulus. The data were 
combined in this way because the two 
tests constitute successive phases of 
extinction without intervening train- 
ing. It is clear that the postdis- 
crimination gradients show a uniform 
and orderly relationship to wave- 
length, similar to that obtained after 
simple conditioning. The postdis- 
crimination gradients, however, differ 
from the control generalization gra- 
dient in two striking ways: (a) all 
of the postdiscrimination gradients 
appear much higher than the control 
gradient, and (b) the various post- 
discrimination gradients appear to be 
displaced in the direction of shorter 
wavelength. The right sides of the 
postdiscrimination gradients are or- 
dered without inversions in relation- 
ship to the various values of S~; 
this orderly relationship is preserved 
on the left sides of the gradients, 
but with smaller vertical separations 
between the curves. 

The essential pattern presented by 
the postdiscrimination gradients would 
appear to be one in which a basic 
rate-wavelength function, relatively 
constant in form and height occupies 
various positions on the wavelength 
axis. Further analysis of the data 
will be guided by this hypothesis, 
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which is intended to be a description 
of the underlying curves from which 
the present values are sampled, not 
a theory as to how such functions 
may be generated. The departures 
of the present data from these hy- 
pothetical curves are regarded as the 
result of the particular discrete test 
stimulus values selected. The con- 
spicuous truncation of the postdis- 
crimination gradients for the 555 and 
590 mu groups and, to a lesser extent, 
that of the other two groups, is pre- 
sumably due to the failure to include 
test values close to the maxima of the 
underlying curves. The basic as- 
sumptions of this analysis, therefore, 
are capable to empirical test by the 
appropriate selection of test values. 
The displacement of the postdis- 
crimination gradients was tested by 
determining for each S the percentage 
of the total number of responses 














(My) 


Mean generalization gradients for the control and four discrimination groups, 
identified by the values of the negative stimulus. 


Arrows indicate the positions of the negative 


emitted to 540 my and shorter wave- 
lengths. These values are shown in 
Fig. 2. When tested by simple 
analysis of variance, the differences 
among the discrimination groups are 
significant beyond the .001 level 
(F = 19.6; F.o01(3, 19 df) = 8.28). 
The differences in height between 
the discrimination and the control 
curves, contrary to first impression, 
do not signify a correlated difference 
in total area under the curves. The 
total number of responses emitted in 
both generalization tests was taken 
as an estimate of the area under the 
function, and the between-group dif- 
ferences were tested by means of 
analysis of variance. The hypothesis 
of no difference in total number of re- 
sponses cannot be rejected (F = 1.25; 
F o95(4, 6 df) = 2.74). This is con- 
sistent with the apparent similarities 
in form among the postdiscrimination 





STIMULUS GENERALIZATION 


gradients and might be considered to 
suggest a redistribution of a relatively 
constant number of responses along 
the wavelength dimension as a prin- 
cipal effect of discrimination training. 

The degree to which the group 
functions are representative of the 
functions for individual Ss may be 
demonstrated by comparing the curves 
in Fig. 1 with those in Fig. 3. All 
discrimination Ss without exception 
show what we have termed horizontal 
displacement of the gradient, and 
the magnitude of this displacement 
is uniform within a group. The 
truncation of the mean postdiscrimi- 
nation gradient for the 555 my group 
(Fig. 1) is due to the fact that all Ss 
in this group show a similar trunca- 
tion, and it is not the result of averag- 
ing curves centered at 530 my with 
others centered at 540 mu. It would 
seem that the inclusion of 535 mu as a 
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test stimulus would have produced a 
high proportion of curves with well- 
defined modes for the 555 my group, 
and that the inclusion of a 545 mu 
stimulus would have had a com- 


parable effect for the 590 my group. 


It would appear, on the basis of the 
foregoing results, that the following 
predictions derived from gradient inter- 
action theory are supported: (a) in- 
creased steepness of the gradients in 
the region of S~; (6) low response level 
at S~; (c) displacement of the mode of 
the postdiscrimination gradient; and 
(d) increasing displacement of the mode 
with decreasing S*, S~ difference. 

However, there is a serious question 
the present 
data of Predictions e and f, which mainly 
refer to the subtractive 
supposed to underly 
The _ postdiscrimination 
clearly not included by the 
control gradient. This outcome was 
not anticipated in the design of the 
experiment; the decision to terminate 


as to the applicability to 


mechanism 
discrimination. 
gradients are 


obtained 


the training of the control group at 5 


days was made because the discrimina- 
tion Ss, even with the additional rein- 
forcements they received, not 
expected to exceed the level of the 
controls. However, if a control gradient 
of the same approximate peak height 
as the postdiscrimination gradients is 
estimated from previous data (Guttman 
&. Kalish 1956), the postdiscrimination 
gradients still fail to be included.® 

It is interesting to speculate as to what 
combination of positive and negative 
gradients would have to be assumed 
in order to: produce the present post- 
discrimination gradients by 
subtraction. A_ simplified 


were 


algebraic 
reconstruc- 


5 The present control curve when trans- 
formed into a unidirectional gradient appears 
to be a member of multiplicatively related 
family of such curves reported by Kalish 
and Guttman (1957, Fig..4). However since 
the present control curve was found to be 
significantly asymmetrical around 550 my 
by analysis of variance (violating an assump- 
tion which is basic to such a transformation), 
the estimated curve referred to above must 
be_considered merely an approximation 
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indicated by the arrows. 
who did not meet the criterion.) 


tion (heir to all the difficulties of such 
simplifications) of the requisite curve 
forms for the 555 and 590 my groups 
is shown in Fig. 4. The curves were 


Gradients obtained from individual Ss. 
(The third curve from the top in the 555 my group represents the S 


The values of the training stimuli are 


produced by drawing straight lines 
connecting the values for 520 and 530, 
540 and 550 my for the 555 my group 
and the values for 530 and 540, 550 and 
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560 my for the 590 my group. The 
lines were extended until they intersected 
with each other at the “peak” of the 
curve and until they crossed the base 
line. . By comparison with Fig. 2, it can 
be seen that these linear reconstructions 
essentially represent the area and form 
of the empirical postdiscrimination 
curves. Extremely conservative ‘‘exci- 
tation’’ curves were produced by the 


extension of the line representing the 
short wavelength side of the curves 
to its intersection with the abscissa 
value of 550 mu. ~The other side of the 
excitation curve is merely a mirror image 
around 550 mu. Hypothetical “inhibi- 
tion’’ curves were obtained by graphical 
subtraction of the simplified postdiscrim- 
ination functions from the ‘“‘excitation”’ 
curves. Considering such curves, the 
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Idealized postdiscrimination gradients, with the necessary theoretical excitation 


and inhibition curves for their derivation by subtraction. 
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present data apparently can be accounted 
for by excitation-inhibition theory, but 
only under the following conditions: 


1. That excitations as large as would 
be required would be generated by the 
additional positive reinforcements 
ceived by the discrimination groups. 
This assumption seems especially tenuous 
in the case of the 590 my group, which 
reached the criterion of discrimination 
after a mean of 81 additional minutes of 
intermittent reinforcement on the posi- 
tive stimulus. This would imply that 
the mean total of 231 min. of reinforce- 
ment of S* for this group would have 
generated a positive gradient more than 
double in area that shown by the control 
group after 150 min. (Fig. 1). 

2. That inhibition gradients of the 
form depicted can be assumed. These 
gradients would not show maxima at 
the negative stimuli. 

3. That all pairs of excitation and 
inhibition gradients would have their 


re- 


20 


(My) 


lime to criterion of discrimination as a function of S*, S~ difference. 


magnitudes so adjusted that the residual 
area nearly a constant, which 
approximately equal to the area under 
the prediscrimination curve. 


1s 1s 


An alternative, and relatively non- 
theoretical formulation of the foregoing 
results, would be to describe the effect 
of discrimination training as the reloca- 
tion of the generalization gradient upon 
the stimulus continuum, together with 
a restriction of the stimulus region 
occupied by the total of responses 
ordinarily defined by the primary gen- 
eralization gradient. No specific mech- 
anism to accomplish these changes is 
postulated, and no quantitative model 
can presently be offered for the prediction 
of the form of such changes. 


Discrimination training.—The time 
required to reach the criterion of 
discrimination as a function of St, S 
difference is plotted in Fig. 5. The 
differences among group means as 
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tested by analysis of variance are 
highly significant (F = 8.13; Foo, 
(3, 20 df) =8.1). The averaged 
curve shows a sharp increase as the 
negative stimulus approaches the 
positive in physical magnitude. The 
function shown is similar to those 
reported by Frick (1948) and Raben 
(1949) for similar measures. No 
attempt was made to fit a function 
to the present data because of the 
limited number of points available. 
It seems likely, however, that the 
intersect of the function with the 
wavelength axis would occur in the 
region of 610 or 620 mu. With refer- 
ence to Fig. 2, it might be suggested 
that discrimination training between 
550 and 620 my would have a minimal 
displacing effect upon the postdis- 
crimination gradient. Similarly, it is 


suggested that discrimination time 
would be zero for stimulus values at 
the limit of the generalization function. 


It is obvious that the function repre- 
senting the relationship between training 
time and stimulus difference cannot in- 
tersect the ordinate at x = 0, but the 
question can be raised as to whether this 
function is asymptotic to zero or to some 
small positive value. A logical choice 
of a positive value would be the differ- 
ence threshold in the region of the posi- 
tive stimulus. Hamilton and Coleman 
(1933) report a difference threshold of 
17 my at 550 my for the pigeon. This 
value is clearly too large, although it is 
consistent with other values of the 
AX versus A function obtained by their 
method. 

Since, on the basis of the present 
discrimination data, the difference thresh- 
old at 550 my is obviously less than 5 
my, it was decided to force discrimination 
to its limits by successively decreasing 
the stimulus separation in further dis- 
crimination training with a few Ss after 
the main experiment. Although the 
procedure was not entirely uniform for 
the three Ss trained, the criteria of 
discrimination were met by all Ss in all 


329 


problems attempted, including a stimu- 
lus difference of 1 my (550 my = S*, 
551 mu =S-). Training was discon 
tinued at this point because of the 
limitations of the apparatus. While a 
terminal value of AA was not yielded 
by these data, there is little doubt that 
the spectral sensitivity of the pigeon 
for these wavelengths is in the same 
range as that of man (Judd, 1932). 
Furthermore, since the human data 
based on simultaneous comparison indi- 
cate a difference threshold of 1.5 to 2.0 
my at 550 my, and the present training 
method employed successive presenta- 
tions, it would not be unreasonable 
to suggest that the pigeon is perhaps 
more sensitive to wavelength differences 
than is man. 


The course of discrimination train- 
ing.—Figures 6 and 7 show cumula- 
tive response curves to the negative 
and positive stimuli for individual Ss. 
The negative curves show uniform 
negative accelerations, and the posi- 
tive curves for the most part are 
linear. The constancy of rate of 
responding to the positive stimulus 
suggests there was little or no negative 
induction from the negative stimulus. 
In support of this notion, during the 
first two days of discrimination train- 
ing there is a mean increase of 39% 
in rate of responding to 550 my over 
the rate during Day 5 of VI training. 
Previous experimentation® has shown 
that the rate of responding on this 
particular VI schedule generally in- 
creases day by day during VI train- 
ing, and that the rate of increase from 
Day 5 to Day 6 is approximately 10%. 
A paired comparison ¢ test for mean 
differences greater than 10% was 
computed. Thet was3.23(P < .005). 
Since the mean differences exceeded 
the adjusted mean value, it may be 
concluded that the response rate to 
the positive stimulus increased sig- 

* Unpublished data from N. Guttman and 
H. Kalish. 
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nificantly as a result of discrimination 
training. 

Since the generalization gradient 
was determined under conditions of 
extinction, it should be possible to 
predict from it the number of re- 
sponses emitted by the various dis- 
crimination groups to the negative 
stimulus. This prediction involves 
the assumption that discrimination 
involves only extinction and nothing 
more. The mean number of S 
responses are: 555 my group, 4,410; 
560 my group, 1,675; 570 my group, 
1,546; 590 my group, 827. These 
values clearly do not generate a 
function paralleling the generalization 
curve. This would suggest that some 
other process is operating in discrimi- 
nation—possibly induction from the 
positive stimulus—which has a rela- 
tively larger effect for values closer 
to the positive stimulus. 


Figure 8 represents a somewhat 
similar attempt to estimate the gen- 
eralization decrement from the dif- 
ferences in total number of responses 
made to St and S~ during the first 
10 min. of discrimination training. 
The differences between the groups, 
as might be expected, shows a clear 
relationship to increasing S*, S~ differ- 
ences. Differences between the groups 
were significant (F = 5.16; Fo (3, 
19 df) = 5.01). However, the place- 
ment of the function deviates from 
expectation, the actual number of 
responses to S 
being larger than that for St. This 
unusual result may be due to a 
spurious increase in the rate of 
responding to the negative stimuli 
caused by the time required for the 
consumption of the reward. In the 
5 min. of responding to the positive 
stimulus, approximately five 3-sec. 


for small separations 
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reinforcements were given. If the 
lost time is accounted for in this 
manner for each of the groups, approx- 
imately one-third of the displacement 
of the function is accounted for. 
Another possibility is that this effect 
is similar to the phenomenon noted 
by Pavlov (1927, pp. 118-121) in 
the first stages of classical discrimina- 
nation, i.e., an immediate decrease 
in reflex strength of the S~ followed 
by an increase up to or greater than 
that of the CS, followed by a regular 
diminution to a permanent zero. 

The data from the 590 my group 
offer graphic evidence of the immedi- 
ate and continuous effects of discrimi- 
nation training. For the easiest prob- 
lem, positive and negative discrimina- 
tion curves (Fig. 6 and 7) begin with 
a difference in response rate which is 
The 
function in Fig. 8 would suggest that 
a similar process takes place in the 
other groups, although it may have 
been obscured by the second unidenti- 
fied effect which temporarily elevates 
responding to the negative stimulus. 


amplified as training proceeds. 


SUMMARY 


Thirty-three pigeons, divided among five 
groups, were trained in a Skinner-type situa- 
tion. After 5 days of key-peck training with 
a monochromatic light of 550 my on the key 
(approximately 2.5 hr.), four of the groups 
were given discrimination training between 
550 my and a negative stimulus of 555, 560, 
570, or 590 my, one group being assigned to 
each value. After the criterion of discrimina- 
tion training was reached, and as soon as the 
control group completed its preliminary 
training, all groups were given generalization 
tests, consisting of repeated presentations 
of permuted orders of 13 stimuli of different 
wavelengths. 

Highly orderly generalization gradients 
(number of responses vs. wavelength) were 
obtained for all groups and individual Ss. 
The postdiscrimination gradients were found 
to have statistically significant differences in 
location on the wavelength continuum, these 
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differences being describable as a displace- 
ment away from the negative stimulus in the 
direction of the positive. Although the post- 
discrimination gradients were higher than 
the control gradient, the areas under the 
curves, estimated from the total number of 
responses, did not differ significantly. The 
results of the present experiment were com- 
pared with an analysis of discrimination in 
terms of gradients of excitation and inhibi- 
tion. 

Time to the criterion of discrimination 
was found to decrease with increasing S*, S~ 
differences. The S* cumulative response 
curves obtained during discrimination train- 
ing were essentially linear with a slight up- 
ward curvature, suggesting a minimum of 
negative induction from S~, although evidence 
was found for induction from the positive 
to the negative stimulus. 

Exploration of the limit of discriminability 
at 550 that the wavelength 
difference threshold in this region was not 
greater than 1 my 


my revealed 
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GENERALIZATION GRADIENTS AROUND STIMULI 
ASSOCIATED WITH DIFFERENT 
REINFORCEMENT SCHEDULES! 


NORMAN GUTTMAN 


Duke University 


In this experiment, the pigeon is 
reinforced on a 1-min. variable inter- 
val schedule for responding to one 
wavelength of light and on a 5-min. 
variable interval (VI) schedule for 
responding to a different wavelength. 
Then the wavelength generalization 
gradient is obtained. The analysis 
of this type of training situation and 
of the resulting pattern of stimulus 
generalization is of considerable theo- 
retical interest, because it contains 
features in common with several 


problems which have been hitherto 
unrelated. 

First, the training situation is of 
the sort which Skinner (1953) has 


studied under the heading of the 
stimulus control of reinforcement 
schedules. He has shown that dif- 
ferent stimuli associated with differ- 
ent reinforcement contingencies can 
come to control the rate and temporal 
distribution of operant behavior. If, 
for example, a pigeon has been trained 
on a variable-interval schedule with 
a green key and on a fixed-interval 
schedule with a red key, the rate of 
responding will be uniform in the 
presence of green, but in the presence 
of red, the rate will undergo a sys- 
tematic increase from an initial low 
value after reinforcement (the char- 


1The basic idea of this experiment was 
contributed by Deborah H. Nickerson. The 
author wishes to acknowledge the aid of 
Renate Guttman in carrying out the experi- 
ment and analyzing the data. This study 
was supported by Grant M-1002 from the 
National Institute of Mental Health, U. S. 
Public Health Service, and by the Duke 
University Research Council. 


acteristic ‘‘fixed-interval scallop’). 
Skinner has not dealt with these cases 
in relation to stimulus generalization 
but he has placed emphasis on the 
independence of the performance pat- 
terns under various schedules. The 
degree and conditions of such inde- 
pendence can, however, be explored 
by means of a stimulus generalization 
test, as will be seen. 

From the point of view of Hull 
(1943), a rather explicit prediction 
can be made concerning the pattern 
of stimulus generalization associated 
with the present training co: ditions. 
In this framework one vould be 
inclined to describe the training as 
unequal reinforcement of two stimuli 
in the same continuum. One would 
expect that a gradient of excitatory 
tendency would be generated around 
each stimulus, and the total generali- 
zation gradient would be a bimodal 
composite of the higher gradient for 
the strongly reinforced stimulus and 
the lower gradient for the weakly rein- 
forced stimulus. It has already becn 
shown (Bilodeau, Brown, & Meryman, 
1956; Kalish & Guttman, 1957) that 
bimodal generalization gradients are 
obtained when two stimuli are equally 
reinforced. 

Another set of expectations con- 
cerning the form of the generalization 
gradient to be obtained under these 
conditions derives from a recent study 
by Hanson (1956) dealing with the 
generalization gradient after discrimi- 
nation training. Hanson has shown 
that when one wavelength is rein- 
forced on a VI schedule and another 
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wavelength is extinguished, the result- 
ing postdiscrimination gradient ex- 
hibits: (@) virtually zero rate in the 
region of the negative stimulus, (0) 
a rise to an intermediate rate in the 
region of the positive stimulus, (c) 
a continued rise to a new maximum 
beyond the positive stimulus, and (d) 
then a decline. This pattern of 
generalization, notably the phenom- 
enon of “peak shift,’’ was obtained 
for all Ss in the Hanson experiment 
and has since been confirmed in sev- 
eral replications of procedure (e.g., 
Honig, 1958; Honig, Thomas, & 
Guttman, 1959). This type of gra- 
dient appears to be the distinctive 
mark of a wavelength 
discrimination in the pigeon. 
However, it may be seen that the 
training procedure of the present 
study is intermediate between that in 
the Hanson study, where one wave- 
length never reinforced and 
another reinforced intermittently, and 
that of the Kalish and Guttman 
(1957) study, where two wavelengths 
were reinforced on the same schedule. 
If reinforcement schedules of various 
frequencies are on a continuum be- 
tween uniform reinforcement and 
extinction, we can then expect the 
present training procedure to yield 
something that resembles a_ post- 
discrimination gradient. Such a re- 
sult would assist in the behavioral 
specification of these various types of 
training situations and provide us 
with clues as to their common features. 


successive? 


was 


METHOD 


Subjects—The Ss were seven experi- 
mentally naive White Carneau pigeons, 
maintained by restricted feeding to 80% of 
normal body weight. 


The distinction between successive and 
simultaneous training is an important one, 
since Honig (1958) has shown that a different 
form of generalization gradient is found after 
simultaneous discrimination. 


NORMAN GUTTMAN 


A pparatus.—Two automatic Skinner boxes 
similar to those previously described (Gutt- 
man & Kalish, 1956) were used. The boxes 
were of identical construction except for the 
sources of monochromatic key illumination. 
One box, which was used for half of the train- 
ing of all Ss and all of the generalization 
testing, was fitted with a Bausch and Lomb 
diffraction-grating monochromator. The 
other box, which was used for the other half 
of the training, employed two Bausch and 
Lomb interference filters on a swinging mount. 
One filter was of 550 my peak transmission. 
The other was of 570 my and was coupled 
with a Wratten K2 filter to mask out short 
wavelengths. Neutral density filters were 
used to match the intensities of the filter- 
produced colors to the monochromator colors. 
Energy measurements were made by means 
of a photoelectric transducer with a photo- 
multiplier pickup. No light was present in 
the Skinner boxes except that transmitted 
by the key and that accompanying the open- 
ing of the food magazine. White noise was 
constantly present in the animal’s chamber. 

Procedure.—Training to eat from the food 
magazine was carried out on the first day 
of training, and conditioning of the key- 
pecking response was accomplished on the 
following day. Four Ss were conditioned 
to 570 my and three to 550 my. Fifty con- 


tinuous reinforcements were obtained by all 


Ss on this day. Following acquisition, 12 
daily sessions of variable interval reinforce- 
ment were carried out. Each session con- 
sisted of 20 min. of training, and successive 
minutes were separated by 10-sec. blackout 
periods. During each session two 5-min 
blocks of 550 my key illumination were 
alternated with two 5-min. blocks of .570 my 
key illumination. When 550 my was present 
on the key, reinforcement was on a variable 
interval schedule with a 1-min. mean inter- 
reinforcement interval (VI-1). When 570 mu 
was presented, reinforcement was on a 5-min. 
VI schedule (VI-5). On the first day of 
training for all Ss, the 5-min. stimulus blocks 
were presented in the order: 550-570-550 
570. The second day began with 570 mu, 
and this alternating order of stimuli within 
days and between training days was con- 
tinued to the end of training. 

On the day following the completion of V1 
training, a wavelength generalization test 
was administered under experimental extinc- 
tion. Each of the following wavelengths was 
presented 12 times: 510, 520, 530, 540, 550, 
555, 560, 570, 580, and 590 my. These 10 
stimuli were arranged in 12 different random 
orders for each S, Each stimulus presenta- 
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tion was of 30-sec. duration, preceded by a 
10-sec. blackout. 


RESULTS AND DISCUSSION 


Performance under VI schedules.— 
Definite and consistent differences 
in rate of responding were established 
by the training procedure. The mean 
rate to 550 mu, the VI-1 stimufus, 
exceeded the rate to 570 mu on all 12 
days of training, as shown in Fig. 
1. Of the 84 training sessions (7 
Ss X 12 days), 71 showed 550 my 
rate greater than 570, and all Ss gave 
more total responses to 550 mu. The 
rate to 550 mu rises until the end of 
training, while the 570 my rate ap- 
pears to reach stability about midway 
through the course of training. Over- 
all, 67.5% of all responses were given 
to the more strongly reinforced stimu- 
lus. This percentage shows a tend- 
ency to increase, not because of the 
extinction of 570 my responding, but 
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because of the absolute increase in 
550 my responding. 

Stimulus generalization.—The mean 
wavelength generalization gradient 
obtained from the present Ss is shown 
in Fig. 2. The curve is clearly a 
unimodal rather than a_ bimodal 
function of wavelength, and the 
maximum rate of responding is found 
at 540 my rather than at the wave- 
length of either conditioned stimulus. 
All Ss yielded curves similar to the 
mean gradient, and the maxima for 
individual Ss were all at 545 my or 
below. 

The form of the present gradient 
is nearly identical to the one produced 
by that group in Hanson's study 
which learned a complete discrimina- 
tion between the same pair of wave- 
lengths. The gradient for Hanson's 
group is plotted in Fig. 2 for compari- 
son. This curve has been multiplied 
throughout by the ratio of the two 
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maxima (at 540 my) to facilitate 
plotting and to exhibit the similarity 
of the functions produced by the two 
training procedures. In both cases 
there is a shift of the mode in the 
direction of shorter wavelengths and 
a suppression of responding in the 
region of 570 my. The suppression 
is relatively less pronounced after 
schedule discrimination, but the over- 
all patterns are so alike as to suggest 
the operation of one mechanism. 


It is evident that the association of 
discriminative stimuli with different 
schedules of positive reinforcement can 
produce in the organism a state of respon- 
siveness with respect to the stimulus 
domain which is nearly identical with 
that resulting from ordinary discrimina- 
tion. The conceptual and theoretical 
consequences of this finding are con- 


Stimulus generalization gradients following schedule discrimination and successive 
discrimination to a criterion of extinction. 


siderable, and 
directions. 
First, and somewhat apart from the 
question of how this pattern of generali- 
zation is produced, it is clear that a 
stimulus associated with relatively weak 
reinforcement can become functionally 
negative. In general, it seems intuitively 
obvious that the algebraic sign of any 
conditioned stimulus is determined on 
a relative basis. Suppose, by way of 
illustration, that for one animal Stimulus 
A is correlated with food reinforcement 
and Stimulus B with no-consequences 
(extinction), and that for another animal 
Stimulus B is the same and Stimulus C 
is correlated with electric shock. If 
these are the complete set of conditions, 
it is indubitable that the properties of 
B will depend not on its zero-conse 
quences as such, but on whether it has 
been alternated with A or with C. The 
operation of a “frame of reference”’ 


they extend in several 
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provided by the alternate condition is 
unexpected in the present case because 
a 5-min. VI schedule is ordinarily suf- 
ficient to sustain rather strong behavior, 
and it evidently does so under the present 
training conditions. The negativity of 
the stimulus associated with this sched- 
ule only becomes manifest under the 
altered conditions of a generalization 
test. 

It is difficult to escape the view that 
stimuli associated with relatively weak 
reinforcement and those associated with 
extinction both possess suppressive or 
inhibitory functions, as distinct from 
their mere correlation with observed 
states of weak or absent behavior. 
Observably, the tendency to respond to 
570 my in the present experiment under- 
goes nothing but an increase during 
training, yet during generalization test- 
ing there is an absence of responding 
to this and adjacent stimuli. The 
obvious inference is that during training 
the behavior in the presence of this 
stimulus is under an active restraint, 
and that the observed level of perform- 
ance is the resultant of this discrimina- 
tive restraint and the positive factor 
of reinforcement. There are two sources 
of reinforcement for responding in the 
presence of 570 mu: direct (the rein- 
forcements received in the presence of 
this stimulus), and indirect (by generali- 
zation from 550 my). During generali- 
zation testing, both sources of reinforce- 
ment are removed and the latent 
inhibitory factor becomes emphasized. 

If the attribution of inhibitory proper- 
ties to the weaker-schedule stimulus is 
accepted, it may be possible to deal with 
the shifting of the mode of the generali- 
zation gradient by means of a model 
similar to, but not identical with, that 
suggested by (1937) in his 
classical analysis of the transposition 
phenomenon. Spence’s theory does in- 
deed imply a di.,lacement of the mode 
of the postdiscrimination gradient, but 
it does not seem feasible to apply his 
model to the case in point without 
certain modifications. In the model 
Spence has proposed, one of the several 
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necessary conditions for obtaining a 
peak-shift is that the net behavior 
tendency to the negative stimulus falls 
“below zero.”’ If one were to assess 
the state of the response to 570 my from 
the observed rate during training, one 
would have to draw the gradient around 
this stimulus as positive rather than 
negative. Furthermore, all of the con- 
siderations adduced by Hanson (1956) 
for the inapplicability of the Spence 
model to the results of ordinary dis- 
crimination would appear to be relevant 
in the present case. (The reader is 
referred to Hanson's treatment, which 
need not be reproduced here.) 

The present observations do not per- 
mit us to discriminate between alterna- 
tive views of the suppressive character 
of negative stimuli. This function may 
be conceptualized either as that of 
evoking a_ specific (if idiosyncratic) 
response which is in competition with 
the reinforced response under observa- 
tion, or that of generating an inhibitory 
state which is not further specified. 
The important fact, however, is that 
either of these interpretations is dis- 
tinguishable from the view that the 
process of discrimination can be essen- 
tially described by the weakening of the 
response under observation, and that a 
response so weakened then becomes 
passive in the system. The evidence 
here presented strongly argues that the 
latter description is insufficient. 

A final implication of the present study 
is that behaviors controlled by reinforce- 
ment schedules are limited in their 
independence by the degree of generali- 
zation that exists among the schedule 
associated exteroceptive stimuli. To fa 
cilitate a more systematic and complete 
approach to the problem of independ- 
ence, it may be useful to 
schedule-controlled behaviors as potenti- 
ally linked by stimulus similarities of 


consider 


various sorts: those explicitly extero 


ceptive (here, adjacent photic wave- 


lengths), those explicitly proprioceptive 
(derivative from similar movement pat- 
terns), and those dependent upon the 
temporal arrangements of reinforcement 
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per se, and probably in some manner 
interoceptive. 


SUMMARY 


Seven pigeons were given variable interval 
reinforcement for pecking at two wavelengths 
of light presented alternately. Reinforce- 
ment was on a 1-min. schedule in the presence 
of 550 my and on a 5-min. schedule in the 
presence of 570 my, and the rate of responding 
became consistently higher under 550 muy. 
A test of stimulus generalization in the wave- 
length continuum revealed a gradient es- 
sentially the same as that obtained by Han- 
son (1956) after discrimination training 
involving complete extinction of responding 
to 570 my and intermittent reinforcement of 
550 mu. 

It is concluded that the stimulus associated 
with the weaker of two reinforcement sched- 
ules possesses inhibitory properties in common 
with the extinguished stimulus of the ordinary 
discrimination situation. It does not appear 
feasible to describe the obtained gradient 
as the summation of a stronger and a weaker 
excitation, nor to account for the displace- 
ment of the gradient mode by a gradient 
of extinction around the “negative”’ stimulus, 
since this stimulus is negative only in a relative 
sense. 
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FORCE EMISSION DURING BAR PRESSING! 


J. M. NOTTERMAN 


Princeton University 


This experiment was concerned 
with a detailed description of the 
emission of forces by rats in a sub- 
stantially conventional Skinner box 
as the animals proceeded through 
various stages of the learning process 
(specifically, operant level determina- 
tions, regular reinforcement, and ex- 
tinction) without any experimenter- 
manipulated exteroceptive discrimi- 
native stimuli. 

Rudimentary data of this type were 
obtained by Skinner (1938, p. 312), 
but they are—for present purposes— 
deficient in two respects: the measure 
of force used by Skinner was not 
linear with actual force, and the 
technique employed did not permit 
measuring the force of single re- 
sponses. A subsequent major con- 
tribution to the systematic description 
of free force emission was made by 
Trotter (1956). Unfortunately, al- 
though he apparently had the instru- 
mentation capability, Trotter failed 
to keep records during the acquisition 
phase of a knob-pressing operant, 
thereby precluding the kind of re- 
sponse-by-response analysis presented 
here. Nonetheless, his comments con- 
cerning ‘‘the physical properties of 
bar pressing behaviour’ remain the 
clearest exposition of the physics of 
bar pressing to date. 


METHOD 


Apparatus.»—The general apparatus here 
described provides an analysis of three inten- 


1 This research, and the program of which 
it is a part, is supported by the Office of Naval 
Research, Physiological Psychology Branch, 
under Contract NONR 1858 (19). 

2The electronic design and computer 
programming were supervised by N. B. 


sive aspects of bar pressing behavior: force, 
duration, and time integral of force. The 
foregoing is achieved without sacrifice of the 
customary pulse recording techniques, simul- 
taneous measures of digital and continuous 
response characteristics being possible with 
this system. In addition, and in anticipation 
of future research requirements, the same 
apparatus permits selective reinforcement in 
proportion to the magnitude of the particular 
response characteristic sensed. 

A standard small animal cage is equipped 
with a modified bar, the innovation consisting 
in replacement of the microswitch with a pair 
of strain gauges. Pressure on the bar pro- 
duces a minute change in the internal resist- 
ance of the strain gauges, thereby unbalancing 
a Wheatstone bridge to which the strain 
gauges are coupled. The pressure-propor- 
tional voltage thus made available is passed 
into a preamplifier, from which it enters an 
analog computer. The computer has several 
functions, some of which are mutually ex- 
clusive, these being exercised at E's discretion 
Functions pertinent to the investigation here 
reported are as follows: (a) determination 
of the constant number of pellets by which 
each suprathreshold response is to be rein- 
forced ; (6) further amplification of the voltage 
originating from pressure on the bar, thereby 
producing a voltage-proportional force read- 
out on a strip-chart recorder; (c) generation 
of reference voltages used to determine the 
“response threshold,”” or the precise level 
of force required to activate the reinforcement 
circuit (accomplished jointly with a “‘Thresh- 
old Adjust” unit); and (d) determination of 
occurrence of suprathreshold responses on 
a “Yes-No” basis, for pulse counting and 
cumulative recording purposes. 

As Functions ¢ and d indicate, it is possible 
to obtain conventional operant behavior data, 
with the Threshold Adjust being set to some 
value corresponding to the force required 
to close the microswitch in the usual bar. It 
should be noted, however, that although the 
Marple, A. F. Sciorra, and D. Brown, Elec- 
tronics Research Laboratories, Columbia 
University. Such electronic sophistication 
as may appear in the apparatus déscription 
should be attributed to these engineers, not 
to the writer. 
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Fic. 1. Linearity check: voltage output as a 
function of grams weight of force on lever. 


visual appearance of that portion of the bar 
which is within the experimental cage is 
identical with the conventional manipulan- 
dum, the tactual bar is quite different. In 
the present case, the bar remains more or less 
immobile during active responding (maximum 
movement being approximately 1-2 mm.), 
and was designed this way in order to lay the 
groundwork for potential experimental sepa- 
ration of movement from pressure cues (or 
“work” from “impulse’’). 

Figure 1 is a linearity and calibration 
check between gram weights on the bar, 
and voltage output of the computer (Func- 
tion b). As can be seen, the system is linear 
over a large range of forces. Similar checks 
with similar results have been obtained for 
time integral of force (gm.-sec.), and for the 
excursion of the recorder pens. 

Figure 2 is a sample record. For this 
experiment, the critical threshold for rein- 
forcement was set at 3 gm., this being well 
above the noise level of the system, but still 
low enough to provide S with essentially 
“free’’ lower and upper force limits. A 
response was defined as being in effect from 
the instant S emitted 3 gm. of force to the 
instant the force level went below 3 gm., 
as in “A.” In the event that, during con- 
tinuous contact with the bar, the force 
exceeded 3 gm., fell off to less than 3 gm., 
and then again increased past the critical 
threshold, two responses were counted (‘‘B"’). 
If the force failed to reach 3 gm., as in “‘C,” 
it was not deemed a response. 
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The “Reinforcement Indicator’ channel 
served the function of providing a convenient 
check on when the force level fell below the 
critical threshold. Each mark indicates 
delivery of one pellet, and corresponds to 
the instant that the force drops below critical 
threshold. (Duration and time integral of 
force data, although recorded, are not con- 
sidered in the present paper.) 

The foregoing convention concerning defi- 
inition of a response was adopted in this 
experiment on the basis of its being most 
analogous to that of the usual bar pressing 
situation. (Other response criteria, e.g., 
calling each force emission a response, regard- 
less of whether it reaches critical threshold 
are, of course, possible, and are currently 
being examined.) ‘“‘B” is equivalent to the 
case in which S presses twice without releasing 
the bar, and “C”’ is similar to a bar contact 
not strong enough to close the microswitch. 
In general, then, the present bar is chiefly 
distinguished from the usual bar by its being 
much more “‘sensitive,”’ and by its being an 
analog, rather than make-break, type of 
manipulandum. 

Procedure.—Six male Wistar rats, approxi- 
mately 90 days old, were placed on 22-hr. 
hunger rhythm for 10 days prior to operant 
level determinations. The experiment proper 
was conducted over eight successive days (or 
sessions), as follows: Operant Level, two 35- 
min. sessions, followed by 20 min. of tray 
approach training; Conditioning, four sessions 
of regular reinforcement, one pellet per re- 
sponse, each session terminating upon pro- 
curement of approximately 50 pellets; Extinc- 
tion, two 35-min. sessions. Pellets were 
standard Noyes Co., 45 mg. each. The Ss 
were fed Purina Chow for 1 hr. following 
each experimental session, and then again 
placed on deprivation. 
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Fic. 2. Sample record. 





FORCE EMISSION DURING BAR PRESSING 


RESULTS AND DISCUSSION 


Figure 3 is a sequential plot of 
peak force attained by 5S; for each 
of the suprathreshold bar presses 
emitted during the entire course of 
the experiment. The data shown are 
characteristic of the remaining five Ss. 

Noteworthy is the obvious drop 
in magnitude of response during the 
regular reinforcement sessions; this 
is accompanied by a decrease in 
response variability, or the develop- 
ment of “stereotypy.”’ It is not 
surprising that the level of force 
characteristic of regular reinforce- 
ment is apparently related to the crit- 
ical threshold. Skinner's data, (1938, 


p. 312) for example, show that his S 
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came to respond with a force of some 
35-40 gm.; this for a bar which ap- 
parently required almost 20 gm. of 
force for activation. The Ss in this 
study come to press typically, during 
regular reinforcement, with approxi- 
mately 5—6 gm.; but the critical force 
required was only 3 gm. Obviously, 
this is the result of the same sort of 
organism-mediated force differentia- 
tion which Skinner postulates on the 
basis of his data. The intriguing 
possibility exists that, over a signifi- 
cant range, Ss will stabilize during 
regular reinforcement at a force 
magnitude which is roughly twice 
that of the critical threshold, as 
determined by S’s force discrimination 
difference limen. 
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Sequential emission of peak forces during successive phases 
of the experiment. 
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Shortly after extinction is begun, 
both force magnitude and variability 
show a sharp increase. The trial-by- 
trial extinction data of Fig. 3 may be 
in conflict with Skinner’s (1938, p. 
313) observation that: ‘‘Stronger re- 
sponses generally occur near the 


beginning of the extinction and give 
way to an unusually low force which 
is then steadily maintained.” 


The 
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Cumulative response record for S;, same responses, as in Fig. 3. 


present data, as represented by 5, 
reveal a tendency for emission of 
fairly high magnitudes of forces well 
into extinction. 

Figure 4 is a tracing of the usual 
cumulative response record obtained 
during bar pressing experiments, and 
is for the same animal as Fig. 3. 
(Operant Level, Conditioning 1, and 
Extinction 2 data were omitted from 
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Group frequency distributions of peak forces. 





FORCE EMISSION DURING BAR PRESSING 


this figure in order to permit as large 
a reproduction scale as_ possible.) 
The broken line represents the slope 
of Conditioning 4, and indicates that 
this phase produced the highest over- 
all rate. The early stages of Extinc- 
tion 1 show the customary, momen- 
tary increases in rate, followed by an 
over-all decline. It should be noted 
that the cumulative recorder’s mecha- 
nism was somewhat slower than that 
of the strip-chart recorder ; hence, the 
latter occasionally indicated responses 
which were not sensed by the former. 
In all computations involving number 
of responses, the strip-chart data were 
considered definitive. 

The four frequency distributions 
comprising Fig. 5 show, in terms of 
percentage of total number of re- 
sponses for each of the indicated 


experimental sessions, how the peak 
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forces were distributed by the indi- 
cated scale intervals. These data 
are based on all six Ss ; individual plots 
are quite similar. Most striking is 
the shift in distribution of forces as 
Ss proceed through the various phases 
of the experiment. The Operant 
Level data (‘‘A’’) show quite clearly 
that prior to the response differentia- 
tion which takes place during condi- 
tioning, Ss exhibit a wide range of 
“‘freely’’ emitted forces. Condition- 
ing 1 (‘‘B’’) depicts the beginnings of 
a differentiation which is fairly sharp 
by the end of the fourth conditioning 
session (‘‘C’’). Noteworthy in con- 
nection with the latter is the decrease 
in frequency of occurrence of 3—4 gm. 
forces. The Ss apparently come to 
“play it safe,” and typically emit 
forces at a level determined at the 
lower end by the critical threshold, 
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Fic. 6. Comparison of force (mean and SD) and rate of bar pressing. 
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and at the upper end perhaps by the 
negative aspects of unnecessary force 
expenditure. The latter speculation 
is, of course, intimately related to past 
notions of “‘least effort’’ or ‘‘work,”’ 
and it is hoped that later analyses 
based upon the time integral of force 
measure (or ‘“impulse’’) will permit 
careful sifting of that which may be 
of value in these earlier formulations. 

The Extinction 1 data (‘‘D’’) reveal 
the beginning of a return to the type 
of distribution characteristic of Oper- 
ant Level. Whether the “random” 
nature of the latter is actually ever 
reached is presently uncertain. (The 
relation of force variability to Schoen- 
feld’s [1950] and Antonitis’ [1951] 
prior work in stereotyping has been 
investigated recently by Goldberg 
[1959)].) 

Figure 6 gives the group means and 
SDs of the peak forces emitted by all 
six Ss over the course of the experi- 
ment. Mean bar pressing rates are 


presented for comparison purposes. 


The mean force data reflect the earlier 
observations based upon S;'s response- 
by-response performance (Fig. 3). 


Similarly, the group bar pressing data ° 


show the same general trends revealed 
by Si’s cumulative record (Fig. 4). 
The stereotyping evident in the 
earlier graphs is again shown here, 
this time by the approach to asymp- 
totic values of force magnitude and 
standard deviation during the course 
of conditioning. 


Of particular interest, is the fact that 
bar pressing rate keeps rising sharply 
even as the force measures become 
stabilized. The rate measure, it will be 
recalled, is based upon approximately 
50 responses produced by each S during 
each of the regular reinforcement ses- 
sions. Accordingly, the increase in rate 
is mot the result of a greater number of 
responses having been emitted during 
successive, constant total time sessions, 
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but rather the result of the same number 
of responses having been emitted during 
progressively shorter sessions. Such be- 
ing the case, it is clear that it is the drop- 
ping out of intervening behavior (i.e., be- 
havior between successive bar presses) 
which is responsible for the observed 
rate increases. Considered in this sense, 
bar pressing rate is a measure of bar 
pressing response strength relative to the 
strength of other ongoing behavior. 
As Skinner puts it: “... the main 
datum to be measured in the study of 
the dynamic laws of an operant is the 
length of time elapsing between a 
response and the response immediately 
preceding it or, in other words, the rate 
of responding” (Skinner, 1938, p. 58). 
The point of the preceding comment 
is that bar pressing rate is inherently 
a composite measure of a given set of 
behavioral events separated in time by 
other (albeit chain-related) behavioral 
events. The intensive attributes of 
response, on the other hand, are by their 
very nature exclusively indices of the 
actual responses per se. This is not 
to imply that the one is a “‘better’”’ or 
“‘worse”’ measure than the other. Obvi- 
ously, frequency and intensity measures 
sample different properties of behavior. 
The former has been shown to bear such 
a predictable relation to reinforcement 
operations as to stand relatively un- 
challenged as a convenient index of these 
operations, and by definition has come 
to signify a property called “response 
strength.” The latter, i.e., force, may 
as Skinner says bear “‘no simple relation”’ 
to response strength, but that may be 
begging the question. The real issue, 
as with bar pressing, is: Do lawful rela- 
tions exist between E’s operations and 
the intensive characteristics of S’s re- 
sponse? Here the answer is affirmative 
as indicated by the foregoing graphs. 
That such lawfulness is predicated upon 
response differentiation, and not bar press- 
ing rate, does not diminish its possible 
importance. It may be of considerable 
significance, for example, to know that 
differentiation of force takes place much 
sooner than stabilization of bar pressing 
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rate (Fig. 6), and that this differenti- 
ation is maintained at stable levels, even 
though bar pressing occurs at more fre- 
quent intervals, indicating the gradual 
disappearance of other ongoing behavior. 


SUMMARY 


A detailed description was made of the 
emission of forces by rats during acquisition 
(regular reinforcement) and extinction of the 
bar pressing response. It was found that 
the distribution of forces emitted during 
acquisition peaked at a value approximately 
twice that of the force required for reinforce- 
ment, and that both magnitude and vari- 
ability of force decreased during acquisition 
and increased during extinction. The impli- 
cations of an observed increase in bar pressing 
rate during acquisition, well after force 
stabilization had occurred, were examined. 
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STIMULUS GENERALIZATION AND DISCRIMINATION 
LEARNING BY PRIMATES! 


J. M. WARREN anp K. H. BROOKSHIRE? 


Stanford University 


Lashley and Wade (1946) found 
that reinforcing a single stimulus pat- 
tern 200 times did not procuce dif- 
ferential transfer effects in subsequent 
discrimination learning involving the 
previously rewarded stimulus and a 
new, neutral stimulus. Experimen- 
tally naive chimpanzees and spider 
monkeys failed to learn discrimina- 
tions in which the rewarded stimulus 
was correct more rapidly than dis- 
criminations in which the previously 
rewarded stimulus was incorrect. 

These findings are not universally 
valid. Other workers have obtained 
contrary data, supporting continuity 
theories of learning, from experimen- 
tally sophisticated monkeys (Grand- 
ine & Harlow, 1948; Sinha, 1958; 
Warren & Hall, 1956). Although 
such results restrict the generality of 
Lashley and Wade's (1946, p. 335 
footnote) observations, they are not 
directly relevant to their basic thesis, 
that transfer does not occur as a result 
of reinforced responses to a single 
stimulus by a naive animal, untutored 
in comparison behavior. 

The present experiment was under- 
taken to provide a more definitive 
test of the reality of Pavlovian gen- 
eralization by experimentally naive 
primates. Lashley and Wade studied 
only two monkeys and four chimpan- 
zees. Twenty Ss were used in this 
experiment. 

Because naive monkeys learn pat- 
tern discriminations more slowly than 


1 This research was supported by Grant 
M-1895 from the National Institute of Mental 
Health, U. S. Public Health Service. 

2 Now at the University of New Brunswick. 


object discriminations (Blazek & Har- 
low, 1955; Harlow, 1945), separate 
groups were trained with the two 
sorts of stimuli to determine whether 
stimulus discriminability affects the 
magnitude of generalization and trans- 
fer. 
METHOD 


Subjects —Of the 20 macaque monkeys 
studied, 19 were rhesus, and one was a Philip- 
pine. The rhesus monkeys had been tested 
for 11 weeks on 5 different tests for lateral 
preferences; the Philippine monkey had been 
a laboratory pet for 5 yr. All of the Ss were 
extremely tame and well adapted to the train- 
ing situation at the beginning of the experi- 
ment, but none had ever been tested on a dis- 
crimination task. 

Apparatus.—The monkeys were tested in 
the Wisconsin General Test Apparatus 
(Harlow, 1949, Fig. 1). The stimuli were 
presented on a gray tray containing two food 
wells 8 in. apart. 

All of the stimuli used in the experiment 
were wooden figures, 40 sq. cm. in area. A 
blue cross and a yellow circle were used in the 
first replication, and a black square and red 
triangle in the second replication. The 
stimuli were presented either as “‘objects,’’ 
painted forms 2 cm. thick, or as “‘patterns.”’ 
The patterns were made by mounting thin 
(4 cm. thick) forms, identical in area and 
color with the objects, upon white squares 
10 X 10cm. and2cm. thick. Similar stimuli, 
which are no more easily discriminated than 
bidimensional patterns, are pictured by 
Harlow (1945). 

Procedure-—The Ss were randomly as- 
signed to four groups of five animals each, 
which were subjected to the experimental 
treatments summarized in Table 1. 

In the first replication, all Ss displaced the 
blue cross (Stimulus A) 200 times to obtain a 
preferred food. Only Stimulus A was pre- 
sented during this pretraining phase, alter- 
nating from right to left according to a bal- 
anced irregular sequence; Stimulus A was an 
object for two (O) groups, and a pattern for 
the other two (P) groups. Discrimination 
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TABLE 1 


EXPERIMENTAL DESIGN 





Replication I 


Pretraining | Disco 


mination 
} Tiaining 





A+Object 
A+Object 
A+ Pattern 
A+Pattern 


learning was begun on the day following com- 
pletion of pretraining, and the P and O groups 
were both subdivided into groups for which 
Stimulus A was correct and Stimulus B 
(yellow circle) incorrect, and the complemen- 
tary groups in which B was correct and A in- 
correct. In terms of expected transfer effects, 
these groups may be identified by + and —, 
respectively. 

The same general procedure was followed 
in the second replication. Stimulus C, a red 
triangle, was presented alone and rewarded 
200 times before being paired in discrimina- 
tion learning with Stimulus D, a black square. 
Table 1 shows that, for all groups, both the 
cue and transfer conditions were systematic- 
ally reversed from the first to second replica- 
tions. Thus, for example, Group 1 was 
shifted from the O+ to the P— condition. 

The monkeys were given 50 trials per day 
during both pretraining and discrimination 
learning phases. The criterion of mastery on 
the discriminations was 20 consecutive error- 
less trials, the same criterion used by Lashley 
and Wade. The noncorrection method was 
used in discrimination training. Testing was 
continued for 50 trials on both problems, even 
if S attained criterion in fewer trials. 


RESULTS 


The results are presented in Table 
2, which shows mean errors to cri- 
terion as a function of replication, 
cue, and transfer conditions. These 
results, quite consistent in the two 
replications, indicate that the — 
groups, under both cue conditions, 
make approximately twice as many 
errors as the + groups. It is readily 
apparent that Ss tested with patterns 
make four to five times as many 


A+B- — Object 
A—B+Object 
A+B —Pattern 
A-—B+Pattern | 


Replication II 


Pretraining Discrimination 


raining 


C—D-+Pattern 

C+D —Pattern 
-D+Object 

C+D —Object 


© +Pattern 
| C+Pattern 


C+Object 
C+Object 


errors as Ss tested with objects under 
the same transfer conditions. 

The distribution of individual error 
scores was distinctly non-normal, 
owing to considerable positive skew- 
ing in the scores made on the pattern 
discriminations. For example, two 
Ss in the — pattern groups made al- 
most three times as many errors as 
the group means. Nonparametric 
significance tests seemed, therefore, 
most appropriate for evaluating these 
data. The Mann-Whitney test indi- 
cates that the differences between 
scores on the + and — object dis- 
criminations were significant on both 
the first (U =3, P = .028)” and 
second (U = 2, P = .016) replica- 
tions. Scores on the — pattern prob- 
lems were also significantly greater 
than on the + pattern problems, the 
values of U being 3 (P = .028) and 
3.5 (P < .048) on the first and second 
replications, respectively. 

No test of the significance of the 
differences between pattern and object 
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MEAN ERRORS TO CRITERION AS A FUNCTION 
OF TRANSFER AND STIMULUS CONDITIONS 


Experiment 


Condition Experiment 
2 


+Objects 
— Objects 
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— Patterns 


3.0 
14.2 
16.8 
62.6 
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discriminations was necessary. In 


only one of 20 cases did an S in a 
pattern group make fewer errors on a 
problem than any S in the correspond- 


ing object group. 

Additional data regarding the na- 
ture of the relations between cue and 
transfer conditions and discrimination 
performance are presented in Fig. 1, 
in which intraproblem learning on the 
first and second replications is plotted 
for each cue and transfer condition. 
The intraproblem learning curves for 
the two replications are highly simi- 
lar, in spite of more rapid learning of 
the second task. More importantly, 
Fig. 1 indicates that reinforced pres- 
entations of a single object produce 
far greater transfer effects than pres- 
entations of a single pattern, and 
that object discriminations are learned 
much more rapidly than pattern dis- 
criminations. Negative transfer ef- 
fects were largely overcome within 30 
trials on the object problems, but 
large differences persisted between 
the + and — pattern groups through- 
out the first 50 trials. 
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Intraproblem learning as a function of transfer and cue conditions. 


DISCUSSION 


The present experiment indicates that 
experimentally naive monkeys definitely 
develop adient tendencies toward pat- 
terns and objects as a result of reinforced 
responses to a single stimulus. The 
monkeys had no opportunity to develop 
comparison behavior in formal discrimi- 
nation learning experiments before par- 
ticipating in this investigation. In a 
personal communication to Grandine and 
Harlow (1948, p. 335) Lashley has speci- 
fied this condition as critical for a defini- 
tive test of his theory of discrimination 
learning. It must be concluded, then, 
that the results reported here are incom- 
patible with Lashley’s theory but sup- 
port continuity theories of learning. 

There are two plausible explanations 
of Lashley and Wade's failure to obtain 
positive results with respect to the effects 
of reinforcing a single stimulus on sub- 
sequent discrimination learning. It has 
been pointed out that error scores, and 
also the variability of the scores, were 
much greater on pattern than on object 
discriminations. Lashley and Wade 
tested but few animals, and only with 
patterns. Relatively high variability 
and a small number of Ss would create 
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conditions very favorable to sampling 
errors, and consequent failure to obtain 
significant differences. 

The monkeys studied in this experi- 
ment were quite tame at the beginning of 
the experiment. There is no indication 
that Lashley and Wade's primates had 
been tamed as thoroughly. On the 
contrary, one of their four chimpanzees 
became emotionally disturbed and did 
not complete the experiment. It is well 
known that S’s adjustment to the experi- 
mental situation is an important deter- 
minant of his behavior, particularly on 
difficult learning tasks. Differential 


taming is, then, an alternative explana- 
tion of the discrepancy between the 
results obtained by Lashley and Wade 
and those obtained in the present study. 


SUMMARY 


Twenty experimentally naive macaque 
monkeys made 200 reinforced responses to a 
single pattern or object stimulus. Subse- 
quently, they were required to discriminate 
between the rewarded stimulus and a new 
neutral stimulus. For half of the animals, 
the previously rewarded stimulus was correct, 
and for the other half, the new stimulus was 
correct, in discrimination learning. 

Two replications yielded éssentially identi- 
cal results: 

1. Significant differential transfer effects 
were obtained ; fewer errors were made by Ss 
required to choose the pattern or object re- 
warded in single presentations. 


2. The Ss learned to discriminate objects 
much more rapidly than patterns. 

The results of this experiment do not con- 
firm the findings of Lashley and Wade, and 
are interpreted as a critical negative test of 
Lashley’s theory of generalization and trans- 
fer. 
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INFLUENCE 


OF WORK DISTRIBUTION 


UPON COMPLEX 


LEARNING BY THE NONCORRECTION AND 
MODIFIED-CORRECTION METHODS! 


CLYDE E. NOBLE anp ANTHONY TAYLOR? 


Montana State University 


One of the objectives of our re- 
search program on human trial-and- 
error learning (C. E. Noble, 1957a) 
is to find the laws connecting such 
variables as work distribution (W), 
task factors (T), and amount of 
practice (N). Functionally speaking, 
these inter-relationships take the form 
of equations of the type R, = f(W, 
T, N) where f(N) is of the double- 
exponential family, in which W and 
T appear as rate parameters (C. E. 
Noble, 1957b; C. E. Noble, J. L. 
Noble, & Alcock, 1958). As _ illus- 
trated in a recent study by C. E. 


Noble, Alcock, & J. L. Noble (1958), 
the choice of specific experimental 
variables for investigation depends 


on both theoretical and empirical 
considerations. 

Given a sample of Ss practicing a 
simple, discrete S-R learning problem 
(e.g., classical conditioning) with dif- 
ferent amounts of rest interpolated 
either between stimuli (intraserial dis- 
tribution) or between trials (interserial 
distribution), Hull’s (1943) inhibition 
theory implies that the more distributed 
groups would perform with greater pro- 
ficiency than the relatively massed 


! This research was supported by the Na- 
tional Science Foundation under Research 
Grants G3320 and G4895. Data analyses 
were performed with the assistance of V. J. 
Cieutat, J. E. Fuchs, D. R. Gannon, Janet L. 
Noble, J. C. Roitzsch, and H. A. Walters. 
An abridged report was made to the Rocky 
Mountain Psychological Association, May 
1959. Helpful comments were received from 
R. B. Ammons. 

2 Now at Southwestern 
Dallas, Texas. 
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groups.’ A great deal of evidence col- 
lected ona variety of tasks supports this 
hypothesis (Hilgard & Marquis, 1940; 
McGeoch & Irion, 1952; Spence & 
Norris, 1950). Theoretically, how- 
ever, whether the effect of work 
distribution (W) on performance is 
negative, zero, or positive may be 
contingent upon task factors (T) 
like response availability (C. E. 
Noble, 1955), number of choice points 
(C. E. Noble, 1957b), or type of choice 
procedure (C. E. Noble, Alcock, & 
J. L. Noble, 1958), as well as amount 
of practice (N). Methodological de- 
siderata suggest further that the task 
be E-paced (C. E. Noble & J. L. 
Noble, 1958), and that each response 
entail a constant magnitude of work. 

The reason for these qualifications 
is that reactive inhibition supposedly 
produces decrements in whatever 
responses occur in a learning situation. 
Hence, if the majority of S’s responses 
are incorrect (R—), as in the early 
phases of a difficult multiple-choice 
problem, massing of responses should 
accelerate rather than retard acquisi- 
tion. Conversely, assuming the same 
complex task but S observed at a 
later stage of training, continued 
massing should lead to a relatively 
slower gain in proficiency than before 
because his responses would then be 
predominantly correct (R+). Simi- 
lar predictions might be made for a 


§ Because of the complications of treating 
reactive inhibition (Jp) as a negative drive 
state, only Hull’s (1943) basic notion of Jr 
as a temporary work-decreinent factor will 
be assumed here. 
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differential influence of practice sched- 
ules upon slow and fast learners, the 
former being more error prone than 
the latter. 

From the foregoing theory it fol- 
lows that the initial period of com- 
pound trial-and-error learning, during 
which the probability of competing 
responses is maximal, should benefit 
from massed practice but that the 
final period should benefit from spaced 
practice. In the language of the 
analysis of variance, we would expect 
to find a W X N interaction as the 
acquisition curves of groups training 
under different distribution schedules 
first cross, then rise with unequal rates 
to mastery. Scattered evidence bear- 
ing on this deduction may be found 
in the human learning literature, such 
as the studies of Cook (1934; 1937), 
Garrett (1940), and Ericksen (1942) 
on problem-solving tasks. Other re- 
ports reviewed by McGeoch and Irion 
(1952) suggest null results from the 


manipulation of W but, as Riley 
(1952) has pointed out, there are 
wide methodological differences among 
these experiments. 

The third factor mentioned above, 
T, remains to be considered. In a 
previous experiment by C. E. Noble, 


Alcock, and J. L. Noble (1958), 
Ss practiced an E-paced sequence 
of 10 pushbutton responses on the 
Selective Mathometer for 20 trials 
(N) under different types of choice 
procedure (T). As predicted from 
generalization concepts, the noncor- 
rection method (one choice per stimu- 
lus) produced greater average pro- 
ficiency and a faster rate of approach 
to mastery than the modified-cor- 
rection method (second guessing al- 
lowed). Thus, there were significant 
effects associated with T, N, and the 
T X N interaction. 

Now if the T factor were introduced 
into the present theoretical context 


via a similar experiment, one could 
determine whether type of choice 
procedure (T) also interacts with 
work distribution (W). Assuming 
that C. E. Noble, Alcock, and J. L. 
Noble (1958) were correct in attribut- 
ing the inferiority of the modified- 
correction groups in the earlier study 
to greater error generalization arising 
from Ss’ second-guessing behavior, 
it seems reasonable to believe that 
distributed practice would permit 
more of these competing incorrect 
responses (R—) to recover from ex- 
tinction than would massed practice. 
The resulting heightened interference 
with the to-be-learned acts (R+) 
should maximize the T effect under 
temporal spacing. Presumably, such 
a differential effect would be reflected 
in a W XT interaction. On the 
contrary, if their hypothesis were 
wrong, and if work decrement (arising 
from a higher rate of responding) 
causes the modified-correction method 
to be inferior, just the opposite pre- 
diction would be made. The T effect 
in that case should be minimized 
under spaced practice (C. E. Noble, 
Alcock, & J. L. Noble, 1958, p. 300). 

The present experiment is an at- 
tempt to resolve this issue as well as 
to confirm and extend previous find- 
ings. 

METHOD 

Apparatus.—The learning device, de- 
scribed elsewhere (C. E. Noble & Farese, 
1955), was a 19-key seria! multiple-choice 
apparatus called the Selective Mathometer, 
now fully automatic.‘ A sketch is shown in 
Fig. 1. Pacing stimuli were presented serially 
by an electronically controlled slide projector, 
to which S responded by selecting keys on a 
semicircular panel. The problem was a 
standard task (C. E. Noble, 1957b) in which 
10 keys were available (Ne) and all were 


‘Pending publication, schematic wiring 
diagrams of the new automatic reward pro- 
grammer, control panels, and relay circuits 
for the Mathometer may be obtained at cost 
by communicating with C. E. Noble 
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relevant at the 10 choice points (Np); thus 
the ratio Np/Ner = 10/10. The slides con- 
sisted of an invariant sequence of 10 circuit 
symbols, and the correct solution for all Ss 
was to press the odd-numbered keys in the 
order 15, 7, 11, 1, 5, 19, 9, 17, 13, 3. Auto- 
matic (secondary) reinforcement for each 
correct response (R+) was provided by the 
onset of a 3-w. green lamp on S's reaction 
panel, and scores were recorded by polygraph 
and counters. The time constants for stimu- 
lus duration (2 sec.), reward delay (0 sec.), 
and reward duration (} sec.) were the same 
as in most previous experiments, but both 
intraserial and interserial intervals differed 
for the massed and distributed groups. The 
interstimulus period was 2 sec. for the former 
and 10 sec. for the latter, while the intertrial 
periods were 8 sec. and 24 sec., respectively. 
All data were collected in an air-conditioned 
laboratory. 

Subjects —The Ss were 40 undergraduate 
students enrolled in the 1957 summer session 
at Louisiana State University. There were 
29 men and 11 women whose ages ranged 
from 17 to 24 (mean = 18.4 yr.). None had 
previous acquaintance with the Mathometer. 

Procedure—The Ss were divided into 
four experimental groups of 10 each. They 
were assigned randomly to the four treatment 
combinations formed by the two conditions of 
the W factor (massed vs. distributed) and the 


two conditions of the T factor (noncorrection 


vs. modified-correction). Following standard 
instructions which explained the general 
problem (C. E. Noble, Alcock, & Farese, 
1958, p. 255), the two latter groups received 
specific directions regarding type of choice 
procedure (C. E. Noble, Alcock, & J. L. 
Noble, 1958, pp. 297-298). Essentially, the 
general instructions emphasized accuracy, 
quick responding, and the dependency of the 
green light on correct choices. In the E- 
paced noncorrection method S is permitted 


[Printed with permission of Psychol. Rep., 1957] 


Fic. 1. The Selective Mathometer. 
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TABLE 1 


MEAN PERCENTAGE OF INITIAL Correct 
RESPONSES (1R+) puRING 15 
TRIALS FOR Four ExPEri- 
MENTAL GROUPS 


Work Distribu- 
tion (W) 
Type of Choice 
Procedure (T) <senene 
Distrib- 
uted 
26.20 | 52.33 | 
24.67 | 43.07 


25.43 | 47.70 


Mean 


Massed | 
N oncorrection 
Modified-correction 
Mean 


only one reaction at each choice point in the 
series, whereas in the E-paced modified- 
correction method he is free to make alternate 
responses (second guesses) following an 
error so long as the slide remains on the 
screen. All Ss received 15 practice trials 
(N), where N was defined as the number of 
trials (series of 10 slides) on which rein- 
forcement was possible.© All Ss received 
15 trials. 


RESULTS AND DISCUSSION 


Table 1 presents an analysis in 
percentage terms of the average per- 
formance of each group on _ the 
problem. The 1R+ measure is used 
in order to make the two T conditions 
comparable (C. E. Noble, Alcock, & 
J. L. Noble, 1958, p. 298). Examina- 
tion of the cell means indicates that 
distributed practice results in higher 
proficiency than massed practice un- 
der both T conditions, and that the 
noncorrection method is superior to 
the modified-correction method under 
both W conditions. As expected, the 
difference due to type of choice pro- 
cedure is larger under distributed 
practice than under massed practice. 


5As pointed out earlier (C. E. Noble, 
Alcock, & J. L. Noble, 1958, p. 300), the 
opposite prediction would be made about the 
relative performance of noncorrection groups 
if the S-paced correction method (e.g., maze) 
were under comparison, for in that procedure 
an R+ (and hence reinforcement) is guaran- 
teed at every choice point. 
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Fic. 2. Compound trial-and-error learn- 
ing (R,) as a function of practice (N) under 
joint variation of work distribution (W) and 
type of choice procedure (T). 


However, when the column means are 
compared with the row means, a 
greater main effect is indicated for the 
W factor than for the T factor. 

Figure 2 presents the acquisi- 
tion curves of the four experimental 
groups. Probability of making a 
correct initial choice (R,) is plotted 
as a function of amount of practice 
(N), with work distribution (W) and 
type of choice procedure (T) as the 
parameters. The following observa- 
tions are of interest: (a) during Trials 
1-3 the massed groups are superior 
(R% = 15.7) on the average to the 
distributed groups (R% = 13.3); (0) 
from Trial 4 onward, however, these 
positions are reversed, with the two 
distributed groups rising at faster 
rates than their massed counterparts; 
(c) the noncorrection groups are 
generally superior to the modified- 
correction groups after Trial 3, but 
the percentage differences are more 
striking under distributed (R% = 9.3) 
than under massed practice (RY 
= 1.5). All of these phenomena are 
in agreement with prediction. 

To evaluate statistically the various 
relationships in Fig. 2, a 2 XK 2 & 15 
(W X T X N) mixed-factorial analy- 
sis of variance was performed. The 


summary shown in Table 2 is based 
on the number of initial correct 
responses (1R+) made by the four 
groups on each of the 15 trials. The 
main effects of W, N, and the W X N- 
interaction are significant at the .1% 
level, but none of the other sources of 
variance reach the conventional 5% 
level. The numerical values of the 
T effect and the T X N interaction 
not only lie in the expected direction 
(cf. Table 1) but also confirm the 
preceding experiment (C. E. Noble, 
Alcock, & J. L. Noble, 1958); how- 
ever, their F ratios are not significant. 
The weaker of the two ratios, that of 
1.63 for the superiority of the non- 
correction Ss (df = 1/36), is equiva- 
lent to a ¢ of 1.28 (df = 38) but the 
probability that this difference is due 
to chance is about .20 (two-tailed 
test). 

The graphical evidence in Fig. 2 
is suggestive of a greater T effect 
under spacing, but no statistical 
basis exists for a W X T interaction 
(F < 1.00). Our differential-error-re- 
covery hypothesis is thereby uncon- 
firmed, although the generalization 


TABLE 2 


ANALYSIS OF VARIANCE OF INITIAL CORRECT 
Responses (1R+-) DURING 
TRIALS 1-15 


Source 
Between Ss 
Work Distribution 
(W) 


743.70 | 27.59** 


Type of Choice 
Procedure (T) 
W X T Interaction | 
Error (b) | 36 
Within Ss 1560 
Trials (N) | 14 | 122.48} 


43.93| 1.63 
22.43 | <1.00 
26.95 | 


78.51** 
16.14** 
1.60* 


W &X N Interaction | 14 
T X N Interaction 14 
W X T X N Inter- 
action | 14} 
Error (w) 504 | 
Total 599 


25.18 
2.50 





1.07 | <1.00 
1.56 | 


*P < 10. 
™P < 001. 
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explanation of the T effect offered 
earlier by C. E. Noble, Alcock, and 
J. L. Noble (1958) still appears 
tenable. Since the T effect was not 


minimized under distributed practice, 
the present data fail to support the 
rival hypothesis that work decrement 
accounts for the relative inferiority 
of the modified-correction procedure 
in paced, complex tasks. 


SUMMARY 


Serial trial-and-error learning was studied 
under joint variation of work distribution 
(W) and type of choice procedure (T). 
The W factor compared a distributed-prac- 
tice schedule (10 sec. between stimuli, 24 sec 
between trials) with a massed-practice 
schedule (2 sec. between stimuli, 8 sec. be- 
tween trials). The T factor compared the 
noncorrection method (one choice per stimu- 
lus) with the modified-correction method 
(second guessing permitted). Forty human 
Ss, divided into four experimental groups, 
practiced a sequence of 10 pushbutton 
responses for 15 trials (N). 

As expected from Hull's theory of inhibi- 
tion, proficiency was superior under massing 
early in training but under distribution later. 
There were significant effects associated with 
W, N, and the W XN interaction. Con- 
firming earlier research, the noncorrection 
groups were generally superior to the modi- 
fied-correction groups, but this failed to 
produce significant T or T XN _ effects. 
Despite a predicted greater T effect under 
distribution, the W X T interaction was also 
not significant. Due to the absence of a 
greater T effect in the massed groups (work- 
decrement hypothesis), however, the hy- 
pothesis of error generalization is still tenable 
as an explanation for the inferiority of the 
modified-correction method in paced complex 
learning. 
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The experiments reported below 
were designed to test certain implica- 
tions of the view that delay of reward 
or punishment as such has no effect 
on the strength of a choice response 
when highly distinctive stimuli are 
present during the delay period. 
Such a view can be made compatible 
with the greater effectiveness of im- 
mediate than delayed rewards (e.g., 
Logan, 1952) by assuming that the 
effect of delay is to alter the pattern 
of internal stimuli that prevails be- 
fore and during reward presentation 
and thus to alter the primary rein- 
forcing properties of the stimulus 
situation. The view that delay as 
such has no effect will be designated 
the hypothesis of 100% transfer 
(of reinforcing properties to delay 
stimuli). 


EXPERIMENT | 


The conditions of Exp. I are so 
designed that if the joint hypotheses 
of 100% transfer and the effect of 
preparatory responses on the rein- 
forcing properties of subsequent stim- 
uli (Perkins, 1955) are correct, Ss 
will select immediate punishment over 
delayed punishment. The basis for 
this rather surprising prediction may 
be clarified by an examination of Fig. 
1 which is a schematic representation 
of Exp. I. 

At the choice point (CP) S must 
either make 


response Ry,, entering 


! Preparation of this report was facilitated 
by a National Science Foundation 
(No, 4839). 

? Now at Michigan State University 

* Now with Goodyear Aircraft Corporation 


Grant 


delay box Xp1 or response Rp, enter- 
ing delay box Xpp. Rr is followed 
by immediate shock, Rp by shock 
delayed 30 sec. On every trial, 
confinement in the delay box is 
terminated after 45 sec. At this time 
E raises a door providing access to a 
goal box containing food (X,). After 
the food has been consumed S is 
removed from the apparatus (Xc). 
The only difference between the 
sequence of external stimuli following 
the two responses is the temporal 
locus of the shock. 

According to the 100% transfer 
hypothesis the two responses should 
eventually occur equally often, unless 
there is differential reinf 2ement of 
the responses as a consequence of 
differences in the reinforcing proper- 
ties of internal stimuli. In this case 
there is good reason to expect such a 
difference in the reinforcing properties 
of internal stimuli following R; and 
Rp. 

The 


best evidence now available 


Ee | 
Rr tHcK o1 ' ' x, 


. 
io} ) 





; SHOCK : 
‘ 
a 
0 ste is SEC 30 SEC. 45 SEC 
Fic. 1. Schema 
tions of Exp. | 
lowing 


representing the condi- 
The symbols have the fol- 
CP, choice point; Ruz, 
response followed by immediate punishment 
(shock); Rp, response followed by delayed 
shock; Xpp and Xp, delay boxes; X,, goal 
boxes containing food; Xc, removal from the 
apparatus by E. Note that the only differ- 
ence in the stimuli following R; and Rp is 
the temporal locus of shock 


meaning : 


xc* 
ss 
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(Brogden, 1939) indicates that Ss 
will make conditioned preparatory 
responses at full or nearly full strength 
with 50% reinforcement. Thus, con- 
ditioned responses that prepare S for 
shock should occur to choice-point 
stimuli if Rr and Rp occur equally 
often, as they do in Exp. I. 

According to the effect preparatory 
responses are assumed to have on the 
level of relative reinforcement of 
subsequent stimulus situations (Per- 
kins, 1955), these preparatory re- 
sponses or their stimulus aftereffects 
increase the reinforcement during 
shock following R; and decrease the 
reinforcement. of Xpp for at least the 
first few seconds after Rp. 

Since no change in external stimuli 
occurs during the 30 sec. period be- 
tween Rp and the delayed shock CRs 
preparatory to the delayed shock 
would presumably not be perfectly 
timed. Thus, they might be too late 
with the consequence that the delayed 
shock would be more aversive than 
the immediate shock (and accom- 
panying preparatory responses) fol- 
lowing R;. Also, if the preparatory 
responses for delayed shock occurred 
too soon (e.g., 15 sec. after Rp), 
they would effect a decrease in the 
relative primary reinforcing proper- 
ties of part of Xpp (15-30 sec. after 
Rp) below that of the corresponding 
period of Xpr. 

In short, it appears that shock 
preparatory responses during Xp; 
would become more appropriate than 
would preparatory responses during 
Xpp. As a result the total level of 
reinforcement during Xp; would be 
above that of Xpp. According to 
the 100% transfer hypothesis this 
difference would become effective at 
the onset of Xp: and Xpp. This in 
turn would reinforce Ry; more than 
Rp and the former would occur more 
frequently on free trials after the 
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preparatory responses had become 


well established. 
Method 


Subjects —The data reported are from 10 
naive female albino rats. Five were ap- 
proximately 200 days old at the start of 
training, and five, 150 days old. Two addi- 
tional Ss were discarded for failing to meet 
the criterion of responding described below. 

A pparatus.—A single choice-point T maze 
was employed; all sections of the maze were 
5 in. wide and 4.75 in. high (inside measure- 
ments). Walls and floor were wooden unless 
otherwise specified. The entire maze was 
covered with hardware cloth. The starting 
box was 10 in. long and was separated from 
a 20-in. stem section by a guillotine door. 
The alley perpendicular to the stem section 
contained the delay and goal boxes. The 
delay boxes were 17 in. long and had grid 
floors of .19-in. steel rods .5 in. apart. The 
guillotine doors at the entrance to the delay 
bexes were 1.5 in. from the choice point. 
Similar doors divided delay and goal boxes. 
Both goal boxes were 18 in. long; the floor of 
the left goal box was covered with .25 in. 
wire mesh to provide differential tactile cues 
The goal and delay boxes on the left were 
black, and those on the right, white. The 
starting box and stem section were medium 
gray. 

Electric shock to the grid floors was 60- 
cycle AC, 60-v. with about 450,000 ohms 
resistance in series with S. In terms of S’s 
reaction this was a mild but clearly aversive 
shock. The .7-sec. duration of shock was 
automatically controlled by means of a 
photographer's timer. Delay intervals were 
timed with a stop watch. 

Illumination was provided by a 60-w. 
bulb 3 ft. above the choice point. A black 
screen was placed between the maze and E. 

Procedure-—Before preliminary training 
was initiated, S was reduced to 80% of ad 
libitum body weight by limited feedings every 
24 hr. Feedings in individual cages immedi- 
ately after training periods kept S at this 
weight throughout the experiment. 

Five days of preliminary training without 
shock were given to minimize S’s tendencies 
to hesitate and refuse to enter the delay 
boxes. On these trials the starting box door 
and doors to the goal boxes were closed when 
S was placed in the apparatus. The starting 
box door was opened 15 sec. later. As soon 
as S had passed under the door to a delay 
compartment this door closed. The 
door to the goal box was opened 45 sec. later 


was 
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providing access to a .4 gm. piece of Purina 
Laboratory Chow in a food dish at the far 
end of the goal box. The S was returned 
to the transport cage as soon as the reward 
had been consumed. 

Eight trials a day were given during pre- 
liminary training and the subsequent training 
period. Throughout, water was available 
during the intertrial interval of approxi- 
mately 10 min. Whenever four of the day's 
runs had been made to one side, S was forced 
to the opposite side. Thus, total number of 
runs to each side was equalized. 

The procedure on the 36 days of training 
differed from preliminary training only in 
that during training S received a shock 
immediately after entering one delay box 
and 30 sec. after entering the other. The 
immediate shock was on the right for half 
the Ss, and exactly half the Ss received 
immediate shock on the side to which the 
majority of free runs had been made during 
the five days of preliminary training. 

If S did not enter either delay box within 
10 min., it was pushed to the choice point. 
In this manner, S was forced to enter one 
or the other delay box. If S had to be pushed 
on two consecutive free and two consecutive 
forced trials on two successive days, it was 
discarded. Two Ss met this criterion and 
were discarded. No other Ss had to be 
pushed after Day 7. 

Five of the Ss were given eight days of 
further training. On these days no delayed 
shock was presented. Otherwise, the pro- 
cedure was identical to the training series. 


Results and Discussion 


Figure 2 shows the percentage of 
free responses to the immediate shock 
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Fic. 2. Results on training trials of Exp. 
I. The ordinate represents the percentage 
of free trials to the immediate shock side. 
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side of the maze on each training day. 
On the last 10 days combined and on 
each of Days 34 through 36, every 
S made more free runs to the immedi- 
ate shock side than to the side on 
which shock was delayed 30 sec. 
Since all 10 Ss would acquire a prefer- 
ence for the same shock condition only 
2 times in 1,024 due to chance alone 
(expansion of the binomial), the 
preference is significant. It can be 
concluded that under the conditions 
of this experiment, a response followed 
by immediate shock attains greater 
strength than one followed by delayed 
shock. 

The five Ss that received further 
training, during which the delayed 
shock was omitted, reversed their 
side preference. The percentages of 
free runs to the no shock side (previ- 
ously the delayed shock side) on 
Days 1-8 of this training were 5, 18, 
20, 54, 54, 87, 100, and 100, respec- 
tively. Thus, it appears that the 
earlier acquisition of the response 
followed by immediate shock could 
not have resulted entirely from a 
reinforcing effect of shock or from 
drive reduction accompanying shock 
termination. 


The results of Exp. I are clearly as 
predicted from the hypothesis of 100% 
transfer of relative reinforcing properties 
and the effect of preparatory responses 
on level of reinforcement. However, 
the relative importance of preparatory 
responses to choice-point stimuli and of 
the timing of responses when punish- 
ment is delayed can not be determined 
from this experiment as these two factors 
were confounded. 


EXPERIMENT I] 


Experiment II was designed to 
determine if precise timing of shock- 
preparatory responses does increase 
the relative reinforcing properties of 
shock or preshock stimuli as our 
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analysis leads us to expect. The 
particular design used was intended 
to maximize the difference in precision 
of timing of shock-preparatory re- 
sponses that. would occur following 
two responses that were reinforced 
by the same sets of external stimuli. 

The Ss were run in a single choice- 
point maze with a signal sequence 
followed by shock presented in one 
arm, and shock followed by signal 
sequence in the other. The same 
set of response-shock intervals was 
used in both arms. The hypothesis 
that classically conditioned responses 
in preparation for shock more effec- 
tively minimize the aversiveness of the 
shock if the preparatory 
are precisely timed implies that S 
will acquire a for the 
signal-shock arm. 


responses 


preference 


Method 


Subjects —The Ss were 10 naive 
rats from the Kent State colony. They were 
110 to 155 days old at the beginning of 
pretraining. 

A pparatus.—The apparatus used in Exp. | 
was modified by the addition of a horizontal 
row of four flashlight bulbs spaced 1.5 in 
apart just over the entrance to each goal box. 
The frames and the sockets for these lights 
were painted the colors of the corresponding 
goal boxes. The bulbs were designated 1 to 
4 from left to right (rat’s eye view). They 
were wired in pairs so that whenever one bulb 
was on, its counterpart in the other arm was 
alsoon. The fourth lights (right-hand bulbs) 
were connected to a buzzer which sounded 
while these lights were on. 

Procedure.—Throughout the experiment 
Ss were kept at 80% body weight and given 
four trials a day with a free-forced technique 
similar to that used in Exp. I. On all trials 
S was confined to the delay chamber for 3 
min. after which he had access to a 0.5 gm 
piece of Purina Lab Chow. 

No shock or signal lights were presented 
on the seven pretraining days. During the 
next 50 days shock (duration and intensity 
as in Exp. I) was delivered from 30 to 150 
sec. after S had entered the delay box. The 
response-shock interval was 30, 45, 60, 75, 90, 
105, 120, 135, or 150 sec. Each of 


albino 


these 
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intervals was used equally often in an irregu- 
lar sequence which was independently deter 
mined for each arm. 

In the signal-shock arm, onset of Lights 
1 to 4 preceded shock presentation by 30, 15, 
5, and 2 sec., respectively, and the buzzer 
accompanied Light 4. The lights were 
turned off at the onset of shock. In the 
shock-signal arm the same sequence of lights 
and buzzer was presented immediately after 
shock. Thus, the only difference in treat- 
ment in the two arms was the sequential 
relationship between signals and shock. 

The signal-shock condition was on the 
right side for half the Ss. During pretraining 
45.7% of the first two runs of the day were 
to the arm which became the signal-shock 
side for that S. 

If S had not entered a delay box within 
10 min. of the opening of the starting box 
door, it was pushed. However, no S had 
to be pushed after the eleventh day of train- 
ing. On two occasions E was unable to run 
Ss in one squad of five as scheduled. How- 
ever, Ss were kept on their deprivation 
schedule and skipping a day had no apparent 
effect on the results. ; 


Results 


The percentages of all Ss’ free runs 
on successive pairs of days that were 
to the signal-shock side are shown 
in Fig. 3. Starting about Day 6 a 
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Fic. 3. Results on training trials of Exp. 
The ordinate represents the percentage 
free trials to the signal-shock side. 
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preference for the signal-shock side 
began to show up. As can be seen 
in Fig. 3, there was little change 
in performance between Days 7-36. 
However, 80-90% of free runs were 
to the signal-shock side on each pair 
of days after Pair 21. 

Each of the 10 Ss made more than 
half of its free responses to the signal- 
shock side. For every 5S, preference 
became so marked that during the 
last five days none had to be forced 
to the signal-shock arm. 

All 10 Ss would have run to the 
same condition on the majority of 
these trials less than 2 times in 1,000 
due to Thus, the 
preference for the signal-shock side 
is significant (P < .002), confirming 
the hypothesis that precisely timed 
preparatory may 
the reinforcing properties (attractive- 


chance _ alone. 


responses increase 


ness) of subsequent stimuli more than 


poorly timed preparatory responses. 


DISCUSSION 


The evidence from Exp. I that im 
mediate punishment may be selected 
over delayed punishment does not prove 
that delay as such fails to decrease the 
effects of punishment. Such an effect 
might occur and be counteracted by 
the stronger effect of 
sponses. However, all 


preparatory re- 
experimentally 
demonstrated effects of delay of punish- 
ment or reward (e.g., Logan, 1952) on 
choice responses appear to be consistent 
with the hypothesis of 100% transfer. 
This hypothesis has the advantage of 
greater simplicity than alternative as- 
sumptions. Therefore, it is to be pre- 
ferred unless new evidence requires the 
assumption that delay 
effect. 

The results of Exp. I could be inter 
preted as supporting the hypothesis 
that S will make a response followed 
by shock if this response also eliminates 
a danger signal (a stimulus that 
regularly been followed by shock), and 


as such has an 


has 
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the accompanying anxiety. However, 
the results of Exp. II are not in line with 
such an interpretation, as in this experi- 
ment Ss acquired the response which was 
followed by a danger signal (lights and 
buzzer) rather than one which was not. 

Caution should be used in generalizing 
from the results of Exp. II which involved 
shock to conditions that 
stitution of other aversive stimuli or 
rewards for shock. In fact, there are 
reasons for suspecting important differ- 
ences between the functional character- 
istics of responses in 


involve sub- 


preparation for 
food reward and responses in preparation 
for electric shock. Observation of Ss 
suggests that responses in preparation 
for shock are at least partially postural, 
striped muscle reactions (e.g., crouching 
on the grid). One would expect precise 
timing of such responses to produce a 
significantly more reinforcing situation 
than would result if timing were inac- 
curate. However, responses in prepara- 
tion for food are presumably primarily 
glandular (e.g., salivation) and may not 
require such precise timing. 

Results that may be interpreted as 
supporting this hypothesis have been 
obtained by Weyant (1957), who failed 
to find any that a regular 
signal sequence before a food reward 
delayed 30 sec after choice increased 
the reinforcing effect of the food. Ap 
parently the food preparatory responses 
were equally appropriate with or without 
the signal sequence. The most likely 
explanation would seem to be that within 
limits inexact timing of food preparatory 
responses not 


evidence 


does decrease _ their 
appropriateness 

However, since a 30 sec. response-food 
interval was used on all trials in Weyant’s 
experiment, it is possible that precisely 
timed preparatory occurred 
even when food was not preceded by the 
signal sequence. Such 
paratory responses might result 
internal cues or in Ferster and 
ner’s (1957) terms “‘an accurate 
nal clock.”” Further experimentation is 
clearly needed to learn more about the 
exact 


responses 
timing of pre- 
from 
Skin 
inter 


role of responses in preparation 


for various stimuli 
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SUMMARY 


In Exp. I, rats were run in a single choice- 
point maze with food reward delayed 45 sec. 
on every trial. One response was followed 
by immediate shock, the other by shock de- 
layed 30 sec. Forced trials were used to 
equate the number of runs to each arm. All 
10 Ss acquired a significant preference for the 
immediate shock. 

In Exp. II, rats received food reward 
delayed 180 sec. on every trial in a single 
choice-point maze. They received shock 
between 30 and 150 sec. after either response. 
On one arm shock was preceded by a 30 sec. 
signal sequence, on the other the signal 
sequence followed shock. Number of re- 
sponses to each arm was equated by forced 
trials. All 10 Ss learned to run predomi- 
nantly to the signal-shock side on free-choice 
trials. 

It was concluded that all experimental 
evidence is compatible with the assumption 
that delay of reward or punishment as such 
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has no effect on choice performance after 
extensive training when distinctive cues are 
present during the delay. 
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In the learning situation wherein a 
response is followed by reinforcement, 
there are many stimuli present in 
addition to the particular stimulus 
which is specifically being manipu- 
lated by E. This is especially true 
of learning situations outside the 
laboratory where stringent controls 
are not placed upon the stimulus 
environment. The usual statement 
of reinforcement would seem to imply 
that the increments in habit strength 
acquired by these various stimuli as a 
consequence of the reinforcement 
would be the same as that acquired by 
the arbitrarily chosen ‘“‘cue stimulus.” 

When this problem was briefly 
considered by Hull (1943) he con- 
cluded that equal habit loadings 
would not accrue to all the stimuli 
which were concurrent with reinforce- 
ment and he offered several conjec- 
tures about various factors which 
might be responsible for differential 
growth in response strength. Under- 
lying several of his conjectures was 
the notion that the variables which 
influence the development of response 
strength to a single cue would operate 
in a like manner for the elements of a 
complex stimulus. 

In a previous study by Wickens 
(1959) an investigation was made of 
the effect of time of onset of the 

1 This research was supported in part by 
a grant, G 2248, from the National Science 
Foundation. 


different elements of a complex CS 
with respect to time of onset of the 
UCS on response strength. The re- 
sults of this experiment suggested 
that there was some, but not com- 
plete, validity to the hypothesis that 
the CS-UCS time difference curve 
obtained from a study of a single 
stimulus could be used to predict 
the response strength acquired by 
elements of a complex stimulus. The 


present study continues the investiga- 


tion of the general hypothesis that 
principles established with the use of 
single stimuli may be used to predict 
the response strength of elements of a 
complex, but a different variable is 
employed from that of the previous 
study. More specifically it is con- 
cerned with the time of termination 
of the CS with respect to time of 
occurrence of the response. The jus- 
tification for the use of this variable 
is based principally on the experi- 
ments of Mowrer and Lamoreaux 
(1942) with rats and Wickens and 
Platt (1954) with humans in which 
it was shown that in an avoidance 
conditioning situation acquisition was 
facilitated if the CS was terminated 
at the time the response occurred 
rather than shortly thereafter. 

The general procedure of the pres- 
ent experiment consisted of ; -senting 
as the CS two independeitiy con- 
trolled stimuli, a light and a tone. 
These came on simultaneously 450 
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msec. before the UCS, a shock. One 
of these was terminated simultane- 
ously with S’s response, a finger 
withdrawal movement, the other per- 
sisted for 450 msec. after shock 
onset. 

On particular trials one group of Ss 
was tested to the response terminated 
stimulus alone while the other group 
was tested to the delayed stimulus 
alone. Other groups were condi- 
tioned to a single stimulus with and 
without response termination of the 
CS. A theory which assumed that 
elements of a complex would acquire 
response strength in the same manner 
as stimuli in isolation would predict 
that any differences found between 
the two single stimulus groups would 
also be evidenced in the complex 
stimulus group on these trials when 
only one element of the complex was 
used as the stimulus. 


METHOD 


Subjects —A total of 118 men and women 
students from an introductory course in 
psychology were used for the final analysis. 
A few additional Ss were discarded because 
of experimental errors. 

A pparatus.—The time between onset of 
the CS and UCS was controlled by an arrange- 
ment of wave form generators (Type 162), 
pulse generators (Type 163) and a power 
supply (Type 160A) obtained from Tek- 
tronix, Inc. The error in this equipment is 
less than 1 msec. The shock was produced 
by an AC power supply. One CS was a 
1000-cycle tone at approximately 40 db re 
.0002 dyne/cm.? and produced by a Jackson 
oscillator and fed into earphones. The other 
was the illuminating of a 2-w. light behind 
a ruby panel glass located at eye level and 
about 6 ft. away directly in front of S. The 
latency of the finger withdrawal response was 
recorded on a Springfield timer which meas- 
ured in units of .01 sec. The clock was wired 
through a microswitch upon which S’s finger 
rested. It was activated by the time control 
circuit at the inception of the CS and was 
stopped when S removed his finger from 
the microswitch contact arm. The CS itself 
was wired through another pole of the 
microswitch and thus could be terminated. by 
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the response. At E's option the microswitch 
could be bypassed and the duration of CS 
was then made dependent entirely on the 
timer. One shock electrode was attached to 
S’s palm and the other was soldered to the 
microswitch contact arm. Thus when S 
lifted his finger from ‘the electrode he broke 
the shock and time circuit and also the CS 
circuit if he was assigned to one of the 
instantaneous termination single stimulus 
groups. For the complex stimulus groups one 
element was always terminated by the 
response. 

The S’s arm was restrained by straps 
around the right forearm just below the elbow 
and just above the wrist. The microswitch 
was located along the major axis of the arm 
with the contact arm and its attached elec- 
trode elevated about 1 in. above the surface 
of the board on which the arm was strapped. 
The pad of S’s middle finger rested on the 
electrode, and a withdrawal response con- 
sisted of an extension of the wrist and finger. 

In addition to recording the latency of the 
withdrawal response, the GSR was also 
measured by means of the Fels dermohm- 
meter, serial 117. This instrument permits 
measurement of S’s resistance level at any 
moment in time. The recording electrodes 
were attached to the palm and the back 
of the left hand. An electrode jelly composed 
of agar agar and zinc sulphate was used 
between the hand and the zinc electrodes. 

The S sat in a dental chair in a 6 X 5 ft 
semisoundproof room. It was dimly illu- 
minated by a 7.5-w. purple bulb. 

An exhaust fan produced a masking noise 
and together with the earphones and sound- 
proofing prevented S from hearing the 
operating noises of the equipment in the 
experimental room. 

Procedure—The Ss were brought into the 
experimental room, seated in the chair, and 
given directions. They were told that they 
were participating in a conditioning experi- 
ment; informed about the CS and UCS to be 
employed and how the UCS could be ter- 
minated by lifting the finger from the elec- 
trode. In addition they were told that they 
might acquire a tendency to lift the finger to 
the CS alone. They were requested not to 
fight against this tendency or to respond 
voluntarily. 

After the instructions were completed the 
following procedure was begun: (a) Three 
shock stimulations alone during which the 
amperage was increased on each succeeding 
stimulation until a level of 2.5 ma. at 235 v. 
was reached. This level was used through- 
out the experiment. This current value was 
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calculated for an S with 50,000 ohms resist- 
ance and would accordingly be greater or 
less for Ss with resistance below or above 
50,000 ohms. (6) Two stimulations of the 
tone or tone plus light for the control and 
experimental groups, respectively. (c) Thir- 
teen training trials, 12 of which were rein- 
forced by shock. Shock was omitted on 
Trial 8, and in the experi: - tal groups only 
one of the elements of the compiex was pre- 
sented. (d) Five nonreinforced trials, with 
the experimental groups being tested only 
to one element of the complex. 

The intertrial interval varied by steps of 
15 sec. from 30 to 75 sec., with a mean of 54 
sec. The same randomized pattern was used 
for all Ss. The CS preceded onset of the 
UCS by 450 msec., and the timer terminated 
both stimuli 450 msec. later. 

The groups.—Four groups of Ss were run, 
two with single stimulus CS and two with 
complex stimulus CS. The single stimulus 
groups were conditioned to a single stimulus, 
the tone. For one of these groups the tone 
was terminated by the response and for the 
other it was terminated by the timer 450 
msec. after shock onset. Its total duration 
was, in other words, 900 msec. The complex 
groups were conditioned to the complex of 
light and tone. These stimuli came on 
simultaneously, but one was terminated by 
the response and the other continued until 
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it was cut off by the timer 450 msec. after 
shock onset. One experimental group was 
tested on Trial 8 and during extinction to the 
component which was terminated by the 
response, while the other group was tested 
to the delayed termination component. 
Training was counterbalanced so that the 
test component was always the tone. There 
were 30 Ss in each single stimulus group and 
one complex stimulus group. The second 
complex stimulus group consisted of 28 Ss 
This inequality arose from an error in tabula- 
tion which was not discovered until some time 
after the experiment was completed. 

Response measures —Two measures of S's 
responses were recorded. One of these was 
the latency (in units of .01 sec.) of the finger 
withdrawal movement to the time of onset 
of the CS. For the GSR, the resistance 
level was obtained at the time the CS was 
begun, and another reading was obtained 
of the minimum value of the ‘resistance 
immediately following the stimulation. Each 
of these values was converted to a reciprocal 
and their difference was obtained. The 
resistance values were read from a meter by 
E and at the sensitivity setting employed, 
they could be read to units of 200 ohms. 

Since a nonparametric method was em- 
ployed in analyzing the data, no further 
conversions were performed on either response 
measure. 


TABLE 1 


PERCENTAGE OF CRs AND MEAN LATENCY (IN .01 SEc.) BY TRIALS FOR ALL GROUPS 


Single Stimulus 


Trial Interrupted Delayed 
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RESULTS 


Withdrawal responses.—Data rele- 
vant to the performance of the various 
groups are presented in Table 1, the 
data consisting of a measure of the 
frequency of CRs on each trial and the 
mean latency of the response on each 
trigl. The CRs were defined in the 
following manner: On trials in which 
shock was administered, any response 
of less than 500 msec., while on non- 
shock trials any response which oc- 
curred while the CS sounded. The 
mean latency of the nonshock trials 
includes the scores of those who 
did not respond. This score was 900 
msec. No S failed to respond during 
the shock trials. 

U tests (Mann & Whitney, 1947) 
on the latency measures were made 
between the two single stimulus and 
the two complex stimulus groups for 
the trials on which the shock was 
omitted. The P values for each of 
these comparisons is presented in 
Table 2. The value is a single-tail 
value and is based on the hypothesis 
that the group being tested to the 
interrupted stimulus would have a 
shorter latency than the group tested 
to the delayed stimulus. 

In the single stimulus groups there 
is a rather consistent tendency for 


TABLE 2 


A TABLE oF P VALUES FOR AVOIDANCE 
LATENCY AND GSR MAGNITUDE FOR 
NONREINFORCED ™ RIALS 


Single Complex 
Trial . _ 

\Avoidance) GSR Avoidance} GSR 
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the group trained to the response- 
interrupted stimulus to give shorter 
latency responses than did the group 
trained to the delayed-termination 
stimulus. 

A parallel analysis of the perform- 
ance of the complex stimulus groups 
suggests a similar trend, with the 
groups differing at a moderately 
significant level on Trials 8 and 14, 
but not for the remainder of the 
extinction trials. 

Galvanic skin responses.—The GSR 
data were analyzed in the same 
general manner, and the P values for 
the U test on the conductance scores 
are shown in Table 2. The Inter- 
rupted Single Stimulus group shows 
a consistent tendency to give larger 
GSR responses than does the Delayed 
group. Although the trends are in 
the same direction for the Complex 
Stimulus groups, a significant level 
of confidence is reached on only one 
trial. 


DISCUSSION 


The data for the single stimulus groups 
agree remarkably well with the Wickens 
and Platt study (1954). In that study, 
and in the present one, the differences 
in the frequency of CRs between the two 
groups was most noticeable in the second 
trial. In both instances the difference 
becomes less noticeable with increased 
training. The present study adds fur- 
ther information concerning the effect 
of this variable by indicating that the 
response termination not only facilitates 
the acquisition of the avoidance response, 
but also results in a greater magnitude 
of the GSR. Thus, the results for the 
single stimulus groups of this experiment 
support the findings of previous experi- 
ments (Mowrer & Lamoreaux, 1942; 
Wickens & Platt, 1954) and indicate 
that in a single stimulus situation re- 
sponse termination of the cue stimulus 
produces superior performance in a 
conditioning situation. 
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The question which was raised in this 
experiment is whether or not this effect 
will operate upon the stimuli of a com- 
plex. The answer seems to be generally 
in the affirmative. Insofar as the avoid- 
ance response is concerned the complex 
group tested to the response terminated 
stimulus gave significantly shorter re- 
sponse latencies than did the group 
tested to longer stimulus on Trial 8, 
the first test trial, and on the first of the 
extinction trials. A similar but not 
significant trend was shown on the other 
extinction trials. 

Further support for the view that it 
is the experimental variable, rather than 
chance assignment of better conditioners 
to this group, which is responsible for 
this difference can be found by comparing 
the two groups on other trials. On 
Trials 2 through 7 the two groups were 
being treated alike, save for a difference 
in the modality of the stimulus which 
was response terminated. As the data 
on frequency of CRs and latency indi- 
cate, there is no consistent tendency for 
one group to excel the other throughout 
these trials. 


The effect of a favorable element in a 
complex.—When the performance of the 


two complex stimulus groups during 
trials when the complex itself was 
presented is compared with the Delayed 
Single Stimulus Group on the same 
trials, there is a clear tendency for the 
Complex Groups to excel the Single 
Stimulus Group. U tests were run 
between the Single Delayed Group and 
each Complex Group for Trials 2 through 
7. In every instance the latency scores 
favored the Complex Groups. In 7 of 
these 12 instances the P values for the 
comparison were less than .05 and in 11 
instances they were less than .10. This 
finding suggests that if a complex con- 
tains an element favorable to perform- 
ance and an element less favorable, Ss 
behavior will be controlled primarily by 
the favorable element. This conclusion 
is weakened by the fact that there is 
some tendency for the Complex Groups 
to excel the Single Instantaneous Group. 
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They are superior at the .10 level or less 
in 4 out of 11 instances while the Single 
Group never excels them with a P value 
as low as .10. 

There are two plausible interpretations 
of this trend. One is that the behavior 
is being determined by two habits, one 
with the light as the stimulus and one 
with the tone as its stimulus and these 
summate to produce response tendencies 
greater than those occurring to a single 
stimulus. The other is that a stimulus 
dynamism effect arises from the energy 
summation of the two stimuli. 


SUMMARY 


This experiment tested the hypothesis 
that a variable which facilitates conditioning 
to a single CS will function in the same man- 
ner upon individual elements of a complex 
stimulus. The variable employed was the 
time of termination of the CS with respect 
to time of occurrence of the response. 

The situation employed was avoidance 
finger conditioning, with the GSR also being 
measured. A pair of groups of Ss was condi- 
tioned with a single stimulus—a tone—serv- 
ing as the CS. For one group the CS was 
terminated at the time of the withdrawal 
response and for the other group the CS 
continued for a short time after the response. 
The group with the response terminated 
stimulus showed superior conditioning as 
measured by both withdrawal responses an:: 
GSR. 

Another pair of groups was conditioned to a 
complex stimulus consisting of a light and 
tone. One of these elements terminated 
with the response while the other continued _ 
for a short time thereafter. On particular 
trials only one of the elements was presented. 
For one group this element was the response 
terminated stimulus and for the other it was 
the delayed stimulus. Better conditioning 
on these test trials was evidenced by the 
group tested to the response terminated 
stimulus for the withdrawal response but 
there was little difference between the two 
groups as measured by the GSR. 

It was concluded that the experiment 
offered limited support for the view that a 
condition which is favorable for the learning 
of a response to a single stimulus operates 
selectively in the same manner upon the 
elements of a complex stimulus. 





D. 


REFERENCES 


Hut, C. L. Principles of behavior. 
York: Appleton-Century, 1943. 

Mann, H. B., & Wauitney, D. R. 
tést of whether one of two random variables 
is stochastically larger than the other. 
Ann. math. Statist., 1947, 18, 52-54. 

Mowrer, O. H., & Lamoreavux, R. 
Avoidance conditioning and signal dura- 
tion: A study of secondary motivation and 


New 


On a 


R. 


D. WICKENS, H. A. CROSS, AND R. M. MORGAN 


reward. Psychol. Monogr., 1942, 54 (5), 
(Whole No. 247). 

Wickens, D. D., & Pratt, C. E. 
termination of the cue stimulus in classical 
and instrumental conditioning. J. exp. 

Psychol., 1954, 47, 183-186. 

Wickens, D. D. Conditioning to complex 
stimuli. Amer. Psychologist, 1959, 14, 180 


188 


(Received November 17, 1958) 


Response 





Journal of Experimental Psychology 
Vol. 58, No. 5, 1959 


THE ROLE OF PUNISHMENT IN FIGURE-GROUND 
REORGANIZATION ! 


G. L. MANGAN 


Victoria University, Wellington, New Zealand 


The research reported in this paper 
relates to two problems: (a) measure- 
ment of the degree of impact which 
given affective states can have upon 
figure-ground structure; and (6) in- 
vestigation of the conditions govern- 
ing the direction of figure-ground 
shifts. 

The first problem derives tradi- 
tionally from Sherif’s (1936) original 
work on the autokinetic phenomenon. 
It involves consideration of the quan- 
titative relations between the degree 
of firmness of external structure and 
the intensity of affect, i.e., amount 
of reward or punishment. According 
to Sherif, the extent to which external 
structure is “‘falsified,”” or autism 
introduced, is a function of these two 
factors; whether this function is 
summative or must be expressed in 
terms of interactions, however, is 
uncertain. Experimentally, the prob- 
lem is to vary intensity of affect—the 
number of reward reinforcements 
and measure quantitatively the tend- 
ency for figure-ground shifts to occur 
in a progression of figure-ground pat- 
terns varying from those that are as 
indeterminate as, for example, a 
Necker cube, to those that have a 
very steep gradient between figure 
and ground and are, therefore, diff- 
cult to reverse. 

The second problem is the tradi- 
tional one of the effect of reward and 


‘This study was supported by a grant 
from the Committee on Scientific Research, 
Queen’s University, 1957. Thanks are due 
to Gardner Murphy for advice on design and 
to R. E. Sanderson and P. 
experimental assistance. 
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punishment in producing response- 
direction, a problem which has re- 
ceived much attention in learning 
and perception theory. In studies 
of figure-ground organization, Schafer 
and Murphy (1943), Proshansky and 
Murphy (1942), Smith, Parker, and 
Robinson (1950) and Smith and 
Hochberg (1952), using ambiguous 
material (Schafer-type faces, for ex- 
ample), where the classical deter- 
minants of figural dominance—con- 
tour, vividness and so on—are mini- 
mized, have shown that that aspect 
of a figure-ground organization which 
is reward-reinforced will tend to 
be selected out as figure, and the 
nonrewarded material structured as 
ground. This effect has been dem- 
onstrated in the auditory (Snyder & 
Snyder, 1956) and tactual (Sommer & 
Ayllon, 1956) as well as visual modal- 
ities. 

Little is known about conditions 
under which punishing or threatening 
stimuli dominate competing reward- 
ing or neutral stimuli. Murphy and 
Solley (1957) consider that two con- 
ditions determinative: (a) the 
opportunity S has to escape shock, 
and (0) intensity of shock. Available 
evidence tends to support this hy- 
Reece (1954) and Pustell 
(1954) have shown that unavoidable 
shock 


are 


pothesis. 


results 
in the raising of recognition thresholds 


in a noxious situation 


for shock-associated percepts, and a 
number of recent studies (McNamara, 
Solley, & Long, 1958; Pustell, 1954; 
Smith & Hochberg, 1952; Sommer & 
Ayllon, 1956) indicate that a vigi- 
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lance-type reaction (the alerting reac- 
tion, the lowering of thresholds for 
punishing stimuli) predominates when 
shock level is moderate or severe, and 
that when shock is high, approaching 
“unbearable,” a defense reaction (the 
raising of thresholds) is more likely. 
These data, however, are not very 
extensive, and differences in experi- 
mental procedure, stimulus materials, 
shock levels and so on make interex- 
periment comparisons difficult. For 
these reasons, exact weightings of 
these two factors in producing vigil- 
ance or defense reactions are unknown. 

In this experiment, an attempt is 
made (a) to establish gradients be- 
tween degree of firmness of external 
structure and amount and intensity 
of punishment in producing figure- 
ground shifts; and (b) to investi- 
gate whether punished or neutral! 
material dominates under conditions 
of mild, severe and beyond-tolerance 


(bt) shock. 
METHOD 


Materials and _ subjects—The stimulus 
material was arranged in four sets. The 
experimental series consisted of 10 line draw- 
ings mounted on white cardboard backing, 
measuring approximately 12 in. X 12 in. 
The drawings are shown in Fig. 1. 
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The 10 test drawings, when arranged in 
pairs (10 and 1, 9 and 2, 8 and 3, 7 and 4, and 
6 and 5) incorporate five degrees of structured- 
ness ranging from marked figural dominance 
of face or bottle to marked figure-ground 
indeterminancy. Drawings 5 and 6 are 
clearly ambiguous, i.e., it is almost impossible 
to give a judgment of figural dominance for 
these drawings. This was tested on 15 Ss, 
who were not included in the experimental 
groups. Without exception, these Ss judged 
Drawings 1, 2, 3, and 4 to be bottles, Draw- 
ings 7, 8, 9, and 10 to be faces. In 85% of 
the cases, Drawings 5 and 6 were judged to be 
ambiguous. 

The remaining three sets of material are 
denoted conditioning series 1, 2, and 3 (CS, 
CS2, CS;). Each of these consisted of 10 
pictures, five of which were bottles of various 
sorts—whisky, deodorant, and so on—the 
remaining five were profiles or faces, cut from 
magazines, and mounted on _ cardboard 
measuring approximately 30 in. X 18 in. 

The Ss were 65 volunteer undergraduate 
men. Thirty of these were arranged in 
experimental Group 1 (severe shock), with 
an additional 10 Ss as a control group, 10 in 
Group 2 (mild shock), and 15 in Group 3 
(beyond-tolerance shock). 

Shock was administered through 
electrodes as a single pulse of 50-msec. dura- 
tion from a Stoelting stimulator. Shock 
level for Group 1 was fixed as pain threshold 
plus half the difference between sensitivity 
and pain thresholds; for Group 2 as sensitivity 
threshold plus half the difference between 
sensitivity and pain thresholds; and for Group 
3 as tolerance threshold plus one-third the 
difference between pain and tolerance thresh- 
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Fic. 1. The 10 drawings employed as stimuli in the experiment. 
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olds. Sensitivity threshold was defined as a 
prickling sensation in the two fingers “‘so 
that you are only just aware of stimulation” ; 
pain threshold as “the level at which you 
experience a burning sensation, which you 
would describe as definitely painful, in your 
fingers and hand, as if a knife is being pushed 
up between your two fingers’; tolerance 
threshold as the point at which pain is ex- 
tremely severe through the fingers, hand and 
lower arm—‘‘you feel that it is unbearable, 
and you want it stopped immediately.” 

Two thresholds were determined for each 
S, using a modified method of limits. Since 
only ascending order was utilized, an arbitrary 
correction for a constant error was taken as 
the various fractions added to the thresholds. 
The mean shock intensity for Group 1 
was 65 v. (SD = 7.1); for Group 2, 36 v. 
(SD = 4.8);andforGroup3,95v.(SD = 8.3). 
Shock could not be avoided or alleviated in 
any way. 

Procedure-—The S was first of all shown 
the experimental drawings with the following 
instructions: “I am going to show you 10 
drawings. In some of them you will see two 
figures, but I want you to name the one which 
stands out more clearly. Sometimes you 
may find this extremely difficult or impossible. 
When you cannot make up your mind which 
one is dominant, i.e., when the figures appear 
to balance each other, you may say that the 
drawing is ambiguous.” 

The 10 test drawings were held up in 
random sequence in front of S, who was 
required to make a judgment of figural 
dominance or ambiguity. Responses were 
recorded (ES Control). 

Electrodes were clipped onto the middle 
and index fingers of S’s left hand, and the two 
thresholds were determined. The stimulator 
was placed immediately behind S, and 
operated by an assistant E. Onset of shock 
was thus effectively screened from S. 

The S was then told that he was going to 
be shown another series of pictures (CS,), 
but that this time he was to make no verbal 
response, merely to look at each picture for 
the length of time it was exposed. He was 
warned that sometimes he would be shocked 

The CS, pictures in random order were 
shown to S, each. for 5 sec., and either the 
five faces or the five bottles were shocked, 
each at the end of the first 2 sec. of the 5-sec. 
exposure. At this point, the assistant E 
moved away from the stimulator and sat 
beside E. The S was then reshown the 10 
experimental drawings in random order, 
with instructions as before, and with the 
assurance that there would be no shock 


during these presentations. Responses were 
recorded (ES,). Two further conditioning 
series (CS, and CS;) were employed, using 
the same procedure, and two further sets of 
responses to the experimental drawings were 
obtained (ES; and ES;). The order of series 
presentation in each experiment, therefore, 
was ES (Control), CS;, ES;, CSs, ES», CSs, 
ES. 

There were, in all, 30 presentations of con- 
ditioning stimuli, 15 of which were shocked, 
and 40 judgments of figural dominance, 
from each S. 

In the three experimental groups, half the 
Ss were shocked for faces, the remainder for 
bottles. In the control group, five shocks 
were administered in each of the three con- 
ditioning series, but these were randomly 
distributed between bottles and faces. 


RESULTS 


Group 1.—In 3 cases out of 30 there 
were no response changes in the test 
series. In the remaining 27 a vigi- 
lance rather than a defense reaction 
was shown. The frequency of occur- 
rence of this reaction is highly signifi- 
cant (z = 5.0, P < .00003) when 
tested by the sign test. The punished 
material predominated in all cases. 
There was an increase in the number 
of ambiguity responses to bottle cards 
or in the number of faces reported 
when faces were being shocked in the 
conditioning series. Similarly, when 
bottles were being shocked in the 
conditioning series, there was an 
increase in the number of ambiguity 
responses to face cards or in the 
number of bottles reported. 

The numbers of punished and un- 
punished 


figures, and 


ambiguities 
figure-ground shifts? reported by test 
series are presented in Table 1. 


2In the treatment of these data, all re- 
sponse changes in the “right’’ (vigilance or 
punished) direction, whether from  non- 
punished figure to ambiguity response, or 
from ambiguity to punished figure response, 
are denoted figure-ground shifts. A weight 
of plus one (in the case of reversals, minus 
one) is assigned each such shift. 
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TABLE 1 


RESPONSES IN THE TEST SERIES 
Group 1 


Non- 
punished 
Figures 


Figure 
ground 
Shifts* 


Ambi- 
guities 


. | Punished 
Series | Figures 
| | 


Sontrol 121 51 128 
127 63 110 
129 66 | 105 
130 | 81 89 


* These values are derived in the following manner 
For ES:, for example, (127 +63) — (121 + 51) 
+ (127 — 121) = 24 


A Friedman two-way analysis of 
variance of the total number of figure- 
ground shifts occurring shows the 
effect of treatments, i.e., the number 
of shock punishments, to be highly 
significant. The x,? of 16.5 (2 df) 
is significant at less than .01. 

Wilcoxon matched-pairs  signed- 
ranks tests were applied to the dif- 
ferences between all pairs of treat- 
ments. All 2’s except one are signifi- 
cant at better than the .001 level. 
Regular increase in the size of the 
coefficients through the matrix strongly 
indicates a gradient between the 


GROUP 3 Cer 


8 
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i. GROUP 2 (Mud) 


8 
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N FIGURE-GROUND SHIFTS 
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TREATMENTS 


Fic. 2. Increase in number of figure- 
ground shifts in the three groups as a function 
of shock conditioning trials. Treatments 1 
through 4 are measures obtained after 0, 5, 
10, and 15 shock trials, respectively. Fre- 
quencies have been corrected for discrepancies 
in N between groups. 
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number of shifts and number of shock 
punishments. This is presented in 
Fig. 2. 

For the 10 control Ss there were 
no increases in the number of faces, 
bottles, or ambiguities reported in any 
of the test series. The difference 
between the number of ambiguity 
responses’ in ES; for control and 
experimental Ss, when tested by a 
Mann-Whitney U test, is highly 
significant (2 = 2.58, P < .005), with 
the experimental Ss giving signifi- 
cantly more ambiguity responses than 
the control Ss. 

Group 2.—I\n 9 out of 10 cases in 
the mild shock group, vigilance reac- 
tions were shown, i.e., the punished 
material was emphasized. The fre- 
quency of occurrence of this reaction 
is significant when tested by the sign 
test 2.32. F < 02). 

A Friedman two-way analysis of 
variance of the total number of 
shifts occurring gives a x, of 5.85 
(P = .05). The effect of treatments 
(the number of shock punishments) 
is, therefore, significant. 

Wilcoxon matched-pairs  signed- 
ranks tests were applied to the differ- 
ences between all pairs of treatments. 
As might be expected, under mild 
shock conditions 2z’s are generally 
small; the differences between Treat- 
ments 1 and 2, and 3 and 4 are not 
significant. The progression of 2’s 
in the matrix, however, follows the 
expected pattern of increase through 
the three treatments. The gradient 
between number of shifts and number 
of punishments is shown in Fig. 2. 

Group 3.—Defense reactions were 
shown by 13 of the 15 Ss who were 
shocked at beyond-tolerance level. 
This response-direction is highly sig- 


(z= 


Since no response direction was shown 
by control Ss, increase in the number of 
ambiguity responses after treatments is the 
only possible measure of figure-ground shifts. 
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nificant when tested by the sign 
test (2 = 2.67, P < .004). A Fried- 
man two-way analysis of variance 
gives a x,’ of 9.63, which is significant 
(P < .02). As with Groups 1 and 2, 
the effect of treatments is clearly 
significant. 

Wilcoxon tests between pairs of 
treatments give 2’s which are all 
significant at better than .05. Again, 
the trend in the matrix is clear 
and in the expected direction. The 
gradient is shown in Fig. 2. 

Distribution of shifts.—Percentage 
distribution of shifts for the three 
experimental groups for all degrees 
of structuredness are shown in Table 
2. With the mild shock group, re- 
structuring initially occurred about 
equally on the originally ambiguous 
material of Drawings 5 and 6 and on 
the next most structured material of 
Drawings 4 and 7. Under continued 
punishment, or punishment of greater 
intensity, however, restructuring shifts 
to the more highly structured figure- 
ground patterns. Thus, 50%of Group 
2 (mild shock) shifts, 33% of Group 
1 (severe shock) shifts and only 23% 
of Group 3 (beyond-tolerance shock) 
shifts involve Drawings 5 and 6; 
with Group 3, 23 of the 30 shifts 
resulting from the three treatments, 
and all the 8 shifts occurring in ES;, 
are restructurings of Drawings 7:and 
4, 8 and 3, and 9 and 2. 


rABLE 2 


PERCEXMLAGE DISTRIBUTION OF FIGURE- 
GROUND SHIFTS FOR THE THREE Ex- 
PERIMENTAL GROUPS THROUGH 
FivE DEGREES OF 
STRUCTUREDNESS 


Drawing 
Grouy 


7,4) 83 


29.6) 21.4 


48.0) 16.7 
40.0) 23.3 
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This shift in emphasis is highly sig- 
nificant. The x? derived from the 
contingency table is 35.59 (6 df, 
P < .001). The trend is most clearly 
shown by considering cell frequencies 
in Columns 1 and 4 only, the least 
and most highly structured patterns 
on which shifts occurred. The 3 X 2 
table gives a x? of 29.57 (2 dj) which 
is highly significant (P < .001). 


DISCUSSION 


Gradients have been demonstrated 
between degree of firmness of external 
structure and amount of punishment in 
producing figure-ground shifts where 
figure-ground patterns were varied from 
extremely indeterminate to practically 
irreversible. Judging from the steep- 
ness of the gradients and their regularity, 
the amount of structural falsification 
induced is very marked, and the relation 
between the two determining tendencies 
is probably a simple summative one. 

This series of experiments clearly 
shows that, when shock is unavoidable, 
one determinant of response-direction is 
shock intensity. With mild and severe 
shock, punishment served’ to emphasize 
the experimental material to the point 
where it achieved equal status with the 
nonpunished, previously dominant ma- 
terial; with beyond-tolerance shock, the 
direction reversed, i.e., 
the nonpunished percept was emphasized 
to the point of balance with the phys 
ically more dominant punished percept. 

These response changes cannot be de 
scribed strictly as vigilance or defence 
reactions. The effect is measured more 
by increase in the number of ambiguities 
than in the number of punished or non- 
punished figures reported. In few cases 
was a drawing initially judged ambiguous 
(Drawing 5, for example) identified, 
after punishment, in terms of the pun 
ished or nonpunished figure. Table 2 
clearly shows that fewer figure-ground 
shifts were effected on originally am- 
biguous material (Drawings 5 and 6) 
than on the more structured material of 
Drawings 3 and 4, and 7 and 8. The 
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then, seems to be a selective 
once, resulting in equal status or balance 
between punished and nonpunished ma- 
terial, rather than dominance of one 
over the other. 

Presumably, this balance could be 
achieved either through a process of 
alienation (or active repression) of the 
nonpunished material or to a process of 
emphasis of the punished material when 
the reaction is one of vigilance, or, 
when it is defensive, to alienation of the 
punished or emphasis of the nonpun- 
ished material. There is some slight 
evidence that a process of emphasis is 
operating. Although this was not origi- 
nally planned, 10 Ss from Group 1, 
selected on the basis of extremity of 
reaction, were asked after the experiment 
to describe, for example, a face in a draw- 
ing about which their judgments had 
changed from “face dominant” to ‘am- 
biguous”’ when bottles were being pun- 
ished in the conditioning series. In all 
cases, Ss reported that there was little 
change in the features of the face, but 
that the bottle now stood out more 
clearly, judged by the criteria of fixation 


process, 


on the bottle area of the drawing, and 


of apparent change in the physical 
features of the bottle—the lines were 
thicker and blacker, and the area of the 
bottle relative to the total area of the 
drawing had increased. At this point, 
figural balance was achieved, and the 
drawing was judged ambiguous. Move- 
ment appeared to be in the direction of 
emphasizing the punished, rather than 
repressing the neutral material. 

Within this limited concept of vigi- 
lance and defense, these results agree 
with findings from the studies previously 
cited (McNamara et al., 1958; Pustell, 
1954; Smith & Hochberg, 1952; Som- 
mer & Ayllon, 1956) that mild and 
severe shock elicit a vigilance reaction, 
unbearable shock a defense reaction, 
but contradict those of Reece (1954) 
and Pustell (1954) that neutral material 
dominates punished material when shock 
is inescapable. In this experiment a 
defense reaction occurred only at beyond- 
tolerance levels of shock. 


There is, of course, an alternative 
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interpretation of the Reece and Pustell 
data if escape and no-escape condi- 
tions are viewed simply as ‘‘anxiety- 
allaying”’ and ‘“‘anxiety-eliciting’’ condi- 
tions. Since it is well known that one 
result of anticipation anxiety is over- 
estimation of intensities of painful stimu- 
lation and consequent lowering of thresh- 
olds for pain and tolerance, escapability 
need not be considered as directly a 
determinant of response-direction, but 
rather as one factor influencing thresh- 
olds, which in turn determine the type 
of reaction. In these circumstances, 
there seems little need to implicate 
directly any factor other than shock 
intensity in determining the type of 
reaction. 

This, however, is a matter for further 
research. From the results of this 
experiment, it is clear that with mild 
to severe unavoidable punishment one 
might expect a vigilance rather than a 
defense reaction, the latter presumably 
occurring only when the shock is severe 
enough to force S to make some attempt 
to escape. Tolerance threshold appears 
to be the critical level beyond which 
most Ss will make such an attempt and 
show a defense reaction. 


SUMMARY 


The direction and extent of figure-ground 
reorganization occurring under punishment 
conditions were investigated with 55 Ss ar- 
ranged in three experimental groups, each of 
which was redivided into bottle-shock and 
face-shock groups. Each S gave three sets 
of judgments of figural dominance to five 
pairs of drawings, arranged in two sequences, 
each of which incorporated figure-ground 
patterns ranging from marked figural domi- 
nance of face or bottle to figure-ground inde- 
terminancy, or ambiguity. Thus the draw- 
ings, when arranged serially, progressed in 
10 stages from bottle dominance to ambiguity 
to face dominance. Before each series of 
judgments was taken, S was subjected to a 
conditioning procedure in which 10 pictures 
were shown in random order, and either the 
5 faces or the 5 bottles, which together com- 
prised each series, were shocked. For Group 
1 shock level was fixed at above pain thresh- 
old, for Group 2 at above sensitivity thresh- 
old, for Group 3 at above-tolerance threshold. 
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The frequency of occurrence of responses in 
the vigilance direction for Groups 1 and 2, 
and in the direction of defense for Group 3, 
were significant, as were the increases in the 
number of figure-ground shifts occurring 
after the conditioning treatments. Gradients 
were shown between number of shifts and 
amount of punishment. There is some evi- 
dence that the vigilance reaction with Group 
1 involves emphasis of the punished material 
rather than alienation of the nonpunished 
material, and that the process is a selective 
one, operating in most cases only to the point 
of figural balance. 
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IN CONDITIONING! 
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A necessary condition for the dis- 
covery of the type of empirical rela- 
tions or laws the scientist seeks is the 
identification of the attributes or 
characteristics of the events being 
investigated. To this end the psy- 
chologist, like every other scientist, 
must be prepared to specify the end 
terms (variables) in these relations 
by means of so-called operational 
definitions. Such definitions attempt 
to state the conditions of observation 
or testing and what must be observed 
after these conditions have been 
imposed. One feature of this process 
of specifying the variables that has 
not always been sufficiently appreci- 
ated is the extent to which trial and 
error is often involved in it. Fre- 
quent redefinition, involving the in- 
clusion of new factors or criteria, 
the dropping out of old ones, etc., 
occur in the course of investigation. 
While this initial hit and miss activity 
is particularly prevalent in the case 
of complex behavioral phenomena 
(e.g., personality traits, social atti- 
tudes, etc.), it also not infrequently 
occurs in connection with simpler 
types of behavior. One instance of 
the latter is provided by the manner 
in which the definition of what consti- 
tutes a CR in eyelid conditioning has 
undergone successive modifications. 

In the earliest studies of eyelid condi- 
tioning all eye blinks of a given magni- 

1 This study was carried out as part of a 
project concerned with the role of motivation 
in learning under Contract N9 onr-93802, 
Project NR _ 154-107 between the State 


University of Iowa and the Office of Naval 
Research. 


tude that occurred between the 
of the CS and the onset of the UCS 
were identified and counted as CRs. 
Subsequently, on the basis of a variety 
of criteria, investigators were able to 
distinguish two different types of eyelid 
response (Hilgard, 1931). One class, 
designated as alpha responses, consisted 
in a brief closure of the eyelid with a 
relatively short latency (less than 100 
msec.), while another group of eyelid 
responses involved much more extensive 
closures, both in amplitude and duration, 
and considerably longer latencies. De- 
pending upon the CS-UCS interval the 
latencies of this second type of eyelid 
response to the CS ranged from approxi- 
mately 180 msec. upward. It was dis- 
covered, moreover, that these two classes 
of response changed in a very different 
manner during the course of condition- 
ing. Whereas the alpha responses, which 
were usually present on the first trial, 
decreased in frequency of occurrence 
and amplitude with successive condi- 
tioning trials, the second type of re- 
sponse, which was not present initially, 
increased both in frequency and ampli- 
tude. On the basis of these different 
criteria, including the different lawful 
relations, Es eliminated the alpha re- 
from * the 
designated as CRs. 

One of the 
redefinition of 


onset 


sponses class of responses 
such a 
variable, 
it should be noted, was the simplification 
of the law relating the new 


consequences of 
this response 
behavior 
variable to the practice or conditioning 
variable, number of CS-UCS 

Under the original definition, 
kinds of behavioral events that 
changed in a quite different, indeed 
manner with 


paired 
trials. 
two 

opposite, 


training were 


indiscriminately counted together, with 
the result that a rather complex law 
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was being obtained. The redefined re- 
sponse variable led to a simpler law. 
This is quite characteristic of what 
happens in the early empirical stage of 
any science, when the primary job is the 
discovery of significant concepts or 
variables. That is, such variables must 
not only be defined for reliability, but 
they also must be found to have lawful 
relations with other variables. Sim- 
plicity of the resulting laws, it should be 
noted, is one of the most important 
criteria determining selection among 
alternative ways of defining a variable. 

Since this original classification of 
eyelid responses occurring during condi- 
tioning into short latency alpha responses 
and CRs, certain further differentiations 
among the latter responses have been 
made. Employing a very intense visual 
CS, Grant (1945 ; 1947) obtained evidence 
for the occurrence of what he termed a 
beta response to a very bright visual CS. 
This response, it was found, developed 
with dark adaptation of S’s eye and was 
entirely independent of the reinforcing 
UCS. Finding that these light sensitized, 
beta responses occurred within 200 msec. 
following the onset of the visual CS, 
Grant suggested that the complicating 
effects of such responses could be elimi- 
nated by counting as CRs to such visual 
stimuli only responses beyond 200 msec. 
While we have not used such intense 
visual stimuli as Grant in our studies, 
we have, nevertheless, followed _ his 
procedure of counting as CRs to a visual 
CS only recorded blinks of 1 mm. or 
more that occur in the interval beginning 
200 msec. after the onset of the CS and 
ending with the onset of the UCS. Thus 
when the CS-UCS interval is 500 msec., 
this measuring period is between 200 
and 500 msec. following the onset of the 
CS. 

Early in the course of our studies of 
eyelid conditioning at lowa, it was 
observed that some Ss gave a high 
incidence of responses characterized by a 
sharp, smooth closure of the eyelid, 
with the eye remaining closed until after 
the air puff was received (Spence, 1953; 
Spence & Taylor, 1951). This type of 
response, it was found, is similar in form 


to those given by Ss instructed to blink 
to the CS so as to avoid the air puff 
and by Ss who, following conditioning, 
reported that they were blinking volun- 
tarily in order to avoid the puff. Such 
patterns of response were observed to 
occur with especially high frequency 
when a relatively strong air puff (above 
2.0 psi) was employed. Further study 
of such responses also revealed that they 
tended to occur predominantly in the 
interval 200 to 300 msec. The CRs of 
Ss who did not show this response pat- 
tern, on the other hand, tended to occur 
predominantly between 300 to 500 msec. 
when a 500 msec. CS-UCS interval was 
employed. In order to eliminate Ss who 
were giving a high incidence of such 
voluntary responses, we introduced the 
procedure of not including any Ss in our 
sample who gave 50% or more responses 
in the interval 200-300 msec. 

& Taylor, 1951). This temporal cri- 
terion was employed instead of the form 
characteristic because it was simpler and 
more objective to use. 

The rationale behind this procedure 
of eliminating Ss whose responses were 
primarily of the short latency, voluntary 
form was that such were 
governed by different laws than those 
obtaining in the case of the longer 
latency class of responses. Thus 
studies have indicated that the condi- 
tioning performance levels of Ss who 
fall into the voluntary group are not 
related either to level of a Manifest 
Anxiety score or to intensity of the UCS 
as is the case with the nonvoluntary 
group (Spence, 1953; Spence & Ross, 
1957; Spence & Taylor, 1951). More- 
over, performance curves of conditioning 
obtained with such Ss differ markedly 
from those of Ss whose responses are 
predominantly nonvoluntary in form 
Not only do they start at a much higher 
level, but they also tend to reach their 
asymptotes at a much earlier stage of 
training. 


(Spence 


responses 


our 


Since our previous observations of 
these form-latency relations among 
eyelid responses during conditioning 
have been obtained in studies primarily 
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concerned with other questions, it was 
deemed advisable to conduct a more 
systematic investigation of them. 
The present study represents such 
an investigation. In it a relatively 
strong air puff was employed in order 
to elicit a large number of voluntary 
type responses. An additional ob- 


jective was to determine the ap- 
propriateness of the 50% criterion 
that has heretofore been employed as 
a basis for discarding Ss as voluntary 
responders. 


METHOD 


Subjects—The Ss were 28 men and 58 
women students from a summer course in 
introductory psychology. Two women who 
gave CRs to test trial presentations of the CS 
alone were discarded as were two men and 
two women who misunderstood the instruc- 
tions. Eighty Ss remained for conditioning, 
54 women and 26 men. 

Apparatus and method of recording.—The 
equipment for recording eyelid closure and 
presenting the UCS was identical with that 
used in previous studies (Spence & Taylor, 
1951) and will not be described here. The 
CS was an increase in brightness of a 6-cm. 
circular disk from .004 to .506 mL. The 
UCS was a 4.0 psi air puff to the right eye, 
limited in duration to 50 msec. The CS-UCS 
interval was 500 msec. with the duration of 
the CS being 550 msec. 

Procedure-—Each S was instructed to 
blink once to the ready signal (the word 
“ready"’) and then look at the disk, remaining 
as relaxed as possible and making no attempt 
to control his eye. Following the reading 
of the instructions each S received three 
presentations of the CS alone followed by a 
single presentation of the UCS. All Ss were 
then given 100 conditioning trials. Inter- 
trial intervals of 15, 20, 25 sec., averaging 20 
sec. and arranged by a fixed schedule, were 
used. The interval between the ready signal 
and CS onset was 2, 3, or 4 sec., randomly 
varied. 

Form judgments.—-T wo judges, experienced 
in working with eyelid conditioning records, 
independently classified each response (on 
the basis of its form) as being a conditioned 
response (C), a voluntary response (V), or 
questionable (?). In terms of combined 
judgments there were therefore six possible 
categories for a single response: VV, CC, V?, 
C?, ??, and VC. Latency measurements 
were made at a later time by a third person. 
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The criteria used in assigning a response to 
the V category were (a) a sharp, smooth, 
complete closure, and (6) a continuation of 
the closure until some time after the air puff. 
An attempt was made to make the judgments 
as independent of latency as possible. 

Any response not meeting the voluntary 
form criteria was considered to be a CR. 
While these responses exhibited a wide variety 
of forms, in contrast to the voluntary re- 
sponses they were characterized by a gradual, 
irregular closure rather than a sharp, smooth 
closure. Moreover, in the majority of 
instances the eyelid did not remain closed, 
as in the case of the voluntary responses, 
but had either opened or was in the process of 
opening when the air puff arrived. 


RESULTS AND DISCUSSION 


Out of the total of 5684 responses 
made, 1516 were classified as VVs, 
2477 as CCs, 478 as V?s, 775 as C?s, 
308 as ??s, and 30 as CVs. Since the 
number of responses in this last cate- 
gory was quite small it will not be 
considered further. The latency dis- 
tributions of the remaining classifica- 
tions, by intervals of 20 msec., are 
shown in Fig. 1. It is obvious that 
the VVs and CCs form overlapping 
but separate distributions. Approxi- 
mately 83% of all the VVs made 
after 200 msec. fall in the 200—300- 
msec. interval. A feature that should 
be noted is the relatively large number 
of VVs in the 180—200-msec. interval, 
responses that would be eliminated 
by discarding all responses in the 
first 200 msec. This is a somewhat 
higher percentage than we found 
occurred during this shorter interval 
in our previous studies, which have 
employed weaker puffs. Apparently 
the strong puff in the present experi- 
ment tended to reduce somewhat 
the latency of these voluntary type 
responses. Actually it was found 
that of the 196 VV responses in this 
interval, 188 were made by Ss who 
would have been discarded by use of 
the criterion of 50% responses in the 
200-300-msec. interval. In view of 
the tendency for these voluntary 
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Total number of responses in each judgment category by 


successive 20-msec. intervals. 


responses to have somewhat shorter 
latencies with strong air puffs it might 
be well to extend the criterion interval 
back to 180 msec. This would es- 
pecially be the case when auditory 
and relatively weak visual stimuli 
are employed as the CS. In such 
instances there are no beta responses. 

When the usual 50% criterion (200- 
300 msec.) was applied, 31 Ss, 6 men 
and 25 women, were classified as 
voluntary. With the data of these 
Ss discarded, the latency distributions 
of VV and CC responses for the 
remaining 49 Ss were as shown in 
Fig. 2. The criterion is apparently 
effective in eliminating the majority 
of voluntary responses from the 
behavior sample. The percentage re- 
sponse curves, including all categories 


of responses, for these 
and nonvoluntary Ss are 
Fig. 3.2. The curves are quite diffe-- 
ent in a number of respects, the 
voluntary Ss’ curve starting at a 
higher level and reaching a higher 
asymptote. This asymptotic  re- 
sponse level of approximately 90% is 
the same found for voluntary Ss in 
other studies which employed air puffs 
of 2.0 psi and below. The present 
study thus supports the 
finding (Spence & Ross, 1957) that 


voluntary 
plotted in 


previous 


? Because of the large number of V\ 
responses in the interval 180-200 msec. made 
by some voluntary Ss in the present experi 
ment, the percentage response curve for the 
voluntary group was based on a 180-500- 
msec. criterion interval instead of that 
previously employed. 
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the response level of voluntary Ss is 
independent of the strength of the 
UCS. Another characteristic differ- 
ence between the two classes of Ss 
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2. 
BLOCKS OF TEN TRIALS 
Fic. 3. Mean percentage of response in 
successive blocks of 10 trials made by volun- 
tary and nonvoluntary Ss. 


is that the voluntary Ss show a sudden 
jump from zero response to maximum 
response (approximately 90%) where- 
as the nonvoluntary Ss exhibit a 
gradual increase in percentage of 
CRs. The gradual increase in the 
curve of the voluntary group results 
from different Ss beginning to make 
anticipatory responses at different 
stages of training. 

While in past experiments Ss have 
been discarded if 50% of their 
responses fell in the 200—300-msec. 
interval, there is a possibility that 
the use of some other percentage 
might be more satisfactory in elimi- 
nating voluntary form responses from 
the data. To check this, Ss were 
discarded using criteria from 90% 
to 10%, in 10% steps. That is, Ss 
were discarded if they had given over 
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Fic. 4. Percentage of ali Vv and CC 
responses eliminated as a function of the 
criterion (percentage of responses in the 200- 
300 msec. interval) used to define a voluntary 
responder. 


90% of their responses in the 200-300 
interval, over 80% in that 
interval, etc., to over 10% in that 
interval. It may be that the 
criterion becomes more severe as we 
go from a 90% to a 10% criterion, 


msec. 


seen 


since in this latter case any S making 
10% or more of his responses in the 
interval would be dropped from the 
data. Next, the percentage of the CC 
and VV responses for all 80 Ss that 
would be eliminated by each of these 


criteria was computed. The results 
are presented in Fig. 4. It may be 
noted, for example, that when the 
50% criterion was used, discarding 
the 31 Ss eliminated 87.6% of the 
VVs and 20.08% of the CCs. In 
choosing a percentage criterion a 
compromise must be reached between 
eliminating VV _ responses, which is 
desired, and discarding CC responses, 
which is to be avoided. From Fig. 4 
it appears that either a 40% or a 50% 
criterion is the best choice. The 
use of a more severe criterion would 
discard very few additional VVs and 
would eliminate increasingly larger 
numbers of CCs, while a less severe 
criterion would allow large numbers 
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of VV responses to remain in the 
data. The results of this study 
would thus seem to support the use 
of a 50% criterion as a means of 
eliminating voluntary responses from 
eyelid conditioning data. 


SUMMARY 


In order to investigate criteria used to 
define voluntary eyelid responses and volun- 
tary responders in eyelid conditioning, 80 Ss 
were given 100 conditioning trials with a 
relatively strong air puff asthe UCS. A large 
number of responses judged to be voluntary 
in form were elicited and were found to fall 
predominantly in the interval 200-300 msec 
following the onset of the CS. Dropping 
from the data Ss who had given 50% or more 
of their responses in this interval eliminated 
the majority of voluntary responses. With 
the exception of 40%, the use of other per- 
centages as the criterion proved unsatis- 
factory. The percentage of response acqui- 
sition curves of the voluntary and non- 
voluntary Ss were found to differ, the curve 
for the voluntary Ss starting at a higher level 
and reaching the asymptote sooner than that 
of the nonvoluntary Ss 
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THE 


=FFECTS OF RETINAL LOCUS AND ATTENTION 


ON THE PERCEPTION OF WORDS! 


HERBERT S. TERRACE 


Harvard University 


A study by Mishkin and Forgays 
(1952) which reported a test of equi- 
potentiality in human vision served 
to stimulate a series of further in- 
vestigations which have attempted 
to check the validity of this test 
(Forgays, 1952; Heron, 1957; Hogg, 
1957; Orbach, 1953). Since these 
and other relevant studies have been 
reviewed by Heron (1957), and since 
the experiment to be reported below 
logically follows from Heron's study, 
discussion will here be limited to 
remarks concerning the nature of the 
problem and an important defect in 
Heron’s design. 

Mishkin and Forgays demonstrated 
that the tachistoscopic presentation 
of English words either to the right 
or the left of a fixation point resulted 
in better recognition in the right 
visual field. Heron found that there 
was no difference between right and 
left recognition scores when either 
familiar or nonsense geometric forms 
were used as stimuli. When letters 
were tachistoscopically exposed, either 
to the left or to the right of a fixation 
point, however, more letters were 
recognized in the right visual field. 

Heron interpreted his and previous 
findings in terms of postulated atten- 
tional processes which operated after 
the tachistoscopic exposure. These 
attentional processes are assumed 
to be analogous to the two main 
types of eye movement that occur 
while reading English. Carmichael 
and Dearborn (1947) describe the 
first kind of eye movement as con- 


1 Based on a thesis submitted for the M.A. 
degree at Cornell University. 
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sisting of a series of short movements 
from left to right along a line of 
print. The second type consists of 
movements from one line to the next 
(“return sweeps”), from right to 
left. Thus, when the English reader 
looks at a line of print, two tendencies 
control the movement of his eyes. 
One is to fixate at the beginning of 
the line, and the other is to move the 
eye in saccadic jumps from left to 
right. The tendency to start at the 
beginning of a line is considered to be 
the dominant one (Carmichael & 
Dearborn, 1947). 

Heron postulated that when alpha- 
betical stimuli are presented in the 
right field these two tendencies would 
operate in the same direction. Be- 
ginning at the first letter or word in 
the right visual field, and continuing 
along the line, requires only one 
direction of movement. For mate- 
rial presented in the left field, how- 
ever, the eyes must move first to the 
left, to locate the beginning of the 
line, and then to the right. Thus, 
under conditions of random successive 
presentations of alphabetical mate- 
rial the right side would be favored. 
Since geometrical forms or nonsense 
figures are not usually read in uni- 
directional sequences they should be 
recognized equally easily in both 
fields. 

The results of experiments involving 
the successive presentation of words 
or letters in either visual field seem 
to justify Heron’s hypothesis that 
when alphabetical material is pre- 
sented, a different postexposural at- 
tentional process operafes in each 
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held: scanning in two directions in 
the left field, as opposed to scanning 
in one direction in the right field. 
One important flaw in Heron's 
design, however, renders these results 
somewhat equivocal. If differences 
in right-left recognition scores for 
alphabetical and geometrical mate- 
rial are to be attributed to post- 
exposural attentional processes, all 
pre-exposural sets must be controlled. 
Randomizing the side in which a 
stimulus will appear does not control 
for the possibility that S might be set 
for that particular type of stimulus. 
For example, pilot study records of 
eye muscle potentials (calibrated to 
show deflections as small as 2° 30’) 
indicate that in a series in which 
only letters are presented, S tends to 
shift his fixation point to the right of 
the central fixation point.. On the 
other hand, records obtained during 
a random series of words and forms 
conclusively show that S’s eyes are 


fixated at the fixation point (Terrace, 
1958). 

Only after one has controlled for a 
set for the type of stimulus to be 


presented can one attribute any 
difference between the ease of right- 
left tachistoscopic recognition of words 
to a postexposural process. This can 
be accomplished by randomly varying 
both the type of stimulus to be 
presented (alphabetical or geomet- 
rical) and the side on which a stimulus 
will appear. 

If no differences in recognition 
scores for alphabetical material are 
found in an experiment that controls 
for the set for the type of stimulus to 
be presented, earlier experiments that 
did demonstrate such differences (For- 
gays, 1952; Mishkin & Forgays, 1952; 
Orbach, 1953) would have to con- 
sider this type of set in interpreting 
their data. If, on the other hand, a 
difference between right-left recogni- 
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tion scores for alphabetical material 
is found, one can safely attribute 
these differences to postexposural 
processes. 


METHOD 


A projection tachistoscope, operated by a 
Wichita Model 261 electronic timer, with an 
exposure of approximately 100 msec. was used. 
The illumination during the exposure was 
7.31 ft.-L. (measured with a _ Luckiesh- 
Taylor GE brightness meter). This illumi- 
nation was maintained throughout the 
experiment by using a second projector to 
illuminate the screen between exposures 
The fixation point, which was a small black 
X, was on a screen, 9 ft., 10 in. away from S's 
eyes. A chin rest was used to keep this 
distance constant and to reduce head move- 
ments. All viewing was binocular. 

Ninety-six stimuli were used; 16 during a 
practice session and 80 during the experimental 
session. Half of the stimuli were words; 
the other half were unfamiliar nonsense forms 
Eight of each type were presented during 
the practice session and the remaining 40 
of each were used as experimental stimuli 
Twenty of each type of stimulus appeared 
to the left of the fixation point; 20 of each 
type appeared in the right visual field. Thus, 
there were four experimental conditions: (a) 
a word in the right visual field; (6) a word in 
the left visual field; (c) a form in the right 
visual field, and (d) a form in the left visual 
field. All of the words used were taken from 
the Thorndike-Lorge list (1944), and were 
selected from the group of words with a 
stated frequency of 50 to 100 times per million 
printed words. 

The words and forms were printed in 
India ink on white typing paper, photo- 
graphed, and mounted as 35-mm. slides 
The words were printed in lower case letters 
with a Leroy lettering guide. The horizontal 
angular distance from the fixation point to 
the midpoint of each stimulus was approxi- 
mately 4° 40’. Each stimulus subtended 
a visual angle of approximately 1° 54’. All 
of the geometric stimuli were between two 
and three times as tall as the words. 

Thirty Ss were used; 17 men and 13 
women. All were college students who could 
read English fluently. No S had any experi- 
ence with a language that was read from right 
to left. 

The type of stimulus to be presented and 
the side on which it was presented were 
randomly varied. When words were used as 


stimuli, S wrote what he saw after each 
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exposure. When nonsense forms were used, 
S was tested by the recognition method in 
which three choices were supplied after each 
exposure. One choice was a copy of the 
form that was presented; the other two each 
varied some feature of the exposed form. 

To further control for a set for the type 
of stimuli to be presented, each S was trained 
before the beginning of the experiment to use 
a card that covered the answer space for a 
given stimulus until the stimulus had been 
presented. A typical sequence was as fol 
lows: S placed his head in the chin rest and 
informed E that he was ready for an exposure. 
The £E flashed the stimulus on the screen 
after which S moved the card on the answer 
sheet down to the top of the space for the 
answer to the next stimulus. Adequate 
markings were made on the answer sheets so 
that S would have no trouble manipulating 
the card. If a word appeared on the screen, 
S would find a blank space in which to write 
what he saw. If a form appeared, S would 
find a set of three forms from which he selected 
the one that he thought appeared on the 
screen. 

All instructions given to each S covered 
the following points: (a) the use of the chin 
rest; (b) where to fixate on the screen; (c) 
the tachistoscopic method of presenting 
stimuli; (d) the types of stimuli to be pre- 
sented (words and forms); (e) where the 
stimuli would appear (to the right or the left 
of the fixation point); (f) the random varia- 
tion of the type of stimulus and the side on 
which it would appear; (g) the use of the 
answer booklet and card; (h) the use of a 
push button to signal EZ that .S was ready for 
the next stimulus; and (7) the sequence of 
events in each trial. 

Each S was given 16 practice exposures 
involving 4 words on the left, 4 words on the 
right, 4 forms on the left, 4 forms on the 
right—presented in random order. After 
the practice session, any further questions 
on procedure were answered. Rest periods 
were provided if requested. 


TABLE 1 
MEAN RECOGNITION SCORES 
Side 


Stimuli — 
Right Left 


Diff. 


12.16 4.76 
14.00 | 1.20 


16.92 
12.80 


Words 


Forms 


*For P = .025, CR = 2.045. 


HERBERT S. TERRACE 


Both the practice and the experimental! 
sessions were conducted in a darkened room 
The only illumination came from the con- 
stantly illuminated screen and a pair of 
small light boxes placed next to the table in 
front of S to aid him in writing his answers 

Scoring was based on one point for each 
correct answer; no partial credit was given. 
The maximum score possible for each of the 
four experimental conditions was 20. 


RESULTS 


The mean recognition scores for 
words and forms on the right or left 
side appear in Table 1. ¢ tests were 
used to test the differences between 
the mean scores for word and form 
recognition on the right and left sides. 
The critical ratios for the differences 
between the two sets of means tested 
appear in the lower part of Table 1. 
The .025 level of significance was used 
to keep the level of error for both 
comparisons at the .05 level. In- 
spection of Table 1 shows that the 
difference between scores for word 
recognition on the right and left 
sides was significant while the differ- 
ence for forms was not. Much more 
impressive than this finding is the 
fact that 29 of the 30 Ss showed 
higher recognition scores for words on 
the right side; the recognition scores 
for forms showed that 17 were higher 
on the left side, 7 were higher on the 
right side, and that 6 were ties. 


DISCUSSION 


The use of nonsense geometric forms 
to control for pre-exposural tests did not 
seem to affect the superiority of tachisto- 
scopic recognition of words in the right 
visual field. It is, therefore, possible 
to attribute the differences in right-left 
word recognition scores to postexposural 
processes. 

The first stages of these postulated 
postexposural processes are probably 
concerned with discriminating the nature 
of the stimulus, that is, whether or not 
it is alphabetical. There is much evi- 
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dence that the ability to make this 
discrimination is a function of reading 
experience. Forgays (1952) found that 
no differences could be obtained in 
right-left recognition scores for words 
in Ss below the seventh grade of ele- 
mentary school. Hogg (1957) has shown 
that a group of college students were able 
to recognize more tachistoscopically pre- 
sented words than a group of soldiers 
whose formal schooling did not go be- 
yond elementary school training. Solo- 
mon and Howes (1951) have reported 
that the threshold for the recognition of 
words is a function of the frequency of 
their prior use. These findings are in 
agreement with evidence presented by 
Gibson and Gibson (1955) from which 
they conclude that the accuracy of 
discrimination of a stimulus is a function 
of experience with similar stimuli. 

Once the nature of the stimulus has 
been discriminated, an attentional proc- 
ess, specific to that type of stimulus, 
can begin to operate. In the case of 
tachistoscopically presented words, the 
temporal aspects of this process seem 


to be governed by the spatial features 


of the stimulus. This process would 
last as long as the neural trace of the 
stimulus remains clear. How this proc- 
ess operates seems to be adequately de- 
scribed by Heron (1957). The first 
letter or word of the stimulus is attended 
to. Then the remainder of the stimulus 
is scanned. For stimuli on the right 
side of the fixation point only one direc- 
tion of scanning is necessary; on the left 
side two directions are necessary, first 
to the left and then to the right. 


SUMMARY 
An experiment was conducted to test the 


presence of any differential recognition effects 
for tachistoscopically presented words to the 
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right and the left of a centrally located fixa- 
tion point when the set for the type of stimu- 
lus to be presented was controlled by the 
inclusion of geometric stimuli in the test 
series. The results of this experiment, 
which showed that more words were recog- 
nized in the right visual field, are in agreement 
with those of Heron's study in which only the 
side on which a stimulus appeared was 
controlled. The role of postexposural atten- 
tional processes was discussed as a possible 
explanation for the differential recognition 
effects observed. 
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One of the primary concepts in the 
area of decision making under un- 
certainty is psychological, or subjec- 
tive, probability, i.e., an individual's 
judgment or estimate of the likelihood 
of an event. In recent years, there 
have been a number of studies 
(Cohen, Dearnaley, & Hansel, 1957 ; 
Davidson, Suppes, & Siegel, 1957; 
Edwards, 1953; Preston & Baratta, 
1948) attempting to measure subjec- 
tive probability. This study is an 
extension of these studies in an at- 
tempt to determine variables which 
influence subjective probability. 


METHOD 


Estimating subjective probability—As a 
measure of subjective probability, Ss were 
asked to estimate the “odds” against the 
occurrence of a number of events. This 
seemed to be a reasonable procedure since 
there is a 1 to 1 correspondence between the 
“odds” for or against the occurrerce of an 
event and the probability of that event. 
Accordingly, the following transformation 
was used to determine subjective probability, 
denoted by ¢(p): 


¢(p) = [1] 


n 
n-+n' 


where n and n’ denote integers used in quoting 
“odds” for a fair bet. For example, if S 
responded, “2 to 1” (against the occur- 
rence of an event), m’ = 2, the first integer; 
n=1, the second integer; and we have, 
o(p) = 1/(1 + 2) = 1/3. 

The variables.—Three experimental vari- 
ables were used and will be hereafter referred 
to as Variables A, B, and P, respectively. 
Variable A consisted of the number of possible 
events which could occur in a game. All 
events consisted in the simultaneous toss of 
10, 100, or 500 coins, hereafter referred to as 
Ai, Az, and Ag, respectively. The task of S 
was to estimate the odds against a certain 
number of heads coming up if the coins were 
to be tossed. Note that with respect to the 


number of heads which can occur, there are 
11, 101, and 501 possible outcomes for Ax, 
A», and Ag, respectively. 

Variable B consisted in estimating odds 
using numbers only vs. using actual monetary 
values, hereafter referred to as B,; and Bz, 
respectively. The hypothesis underlying 
Variable B was that estimating the odds 
using monetary values would differ from 
the use of nonmonetary values; i.e., that the 
utility of money would influence S's estimate 
of the odds. 

Variable P consisted of four probability 
values. These values were .17, .38, .62, and 
.83, hereafter referred to as P;, Ps, Ps, and 
P,, respectively. 

Subjects—The Ss were 72 male under- 
graduate students enrolled in an introduc- 
tory psychology class and their participation 
as Ss fulfilled part of their requirements for 
the course. 

Experimental design.—Variables A and B 
were factorially combined so that there were 
six experimental groups with 12 Ss in each 
group. All Ss were asked to make judgments 
with respect to each of the four probability 
values, and consequently, repeated measures 
on Variable P were obtained. 

Instructions and procedure——Groups B, 
were given the following instructions: 

“Most of you are probably familiar with 
the concept of ‘odds’ used in games of chance. 
For example, in betting on the outcome of a 
game, if we say that the odds are 2:1 (2 to 1) 
against a particular team winning, this means 
that the team does not have a very good chance 
of winning. On the other hand, if we say 
that the odds are 1:2 (1 to 2) this means that 
the team has a good chance of winning. 

“This is an experiment to determine how 
accurately you can estimate the odds for the 
occurrence of various events. For each 
event presented, your task is to place a 
number on one side of a colon. If you feel 
that the event is very likely to occur, the 
number on the left should be smaller than the 
number on the right; e.g., 2:5. On the other 
hand, if you feel that the event is not likely 
to occur, the number on the /eft should be 
larger than the number on the right; e.g., 10:3. 
If you feel that the event is just as likely to 
occur as not to occur, then the two numbers 
should be equal; e.g., 1:1 
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“It should be emphasized that this is not 
an experiment to determine how accurately 
you can mathematically calculate the odds. 
Consequently, do not compute the odds even 
if you are able to do so. Merely estimate 
the odds as accurately as possible on the basis 
of your personal judgment. Furthermore, 
once you have made a judgment for an event, 
do not go back to see what you put down for 
that event.” 

Groups Bz» were given essentially the same 
instructions but with the following modifica- 
tions: 

“For each event presented, you are to 
assume that you are going to bet someone 
that the event will occur or will not occur. 
Your task is to fill in an amount of money 
in a blank space on one side of a colon such 
that the bet will be a fair one; i.e., so that 
you would not care whether you were betting 
for the occurrence or against the occurrence.” 

“Realistically assume or imagine that you 
are going to bet someone that the event will 
or will not occur, and estimate the odds as 
accurately as possible on the basis of your 
personal judgment.” 

In addition, all groups were given the 
following instructions: 

“The following events consist of the 
simultaneous toss or flip of 10 coins (100 and 
500 for other two groups). After each toss, 
the number of heads is to be recorded. For 
each of the following events, estimate as 
accurately as possible what the odds should 
be by placing a number (or value) in the 
blank space.” 

The stimuli.—The stimuli consisted of four 
probability events each typewritten on a strip 
of paper and stapled together in random 
order. A sample stimulus event for Group 
\,B,, e.g., was as follows: 

Obtaining at least 5 heads (5 or more). 

——: 100. 

For half of the B; groups, the number 100 
was inserted on the left of the colon and the 
task was to insert a number on the right of 
the colon. For the other half, the number 
100 was placed on the right of the colon and 
the task was to insert a number on the left 
of the colon. 

For half of the B. groups, the value of 
$10.00 was inserted on the left of the colon, 
and the task was to insert a monetary value 
on the right of the colon. For the other half, 
the value of $10.00 was placed on the right of 
the colon, and the task was to insert a mon- 
etary value on the left of the colon. 

For each of the six groups, therefore, a 
number 100 or the value $10.00 was either 
on the right or the left of the colon, and S’s 


TABLE 1 
SUMMARY OF STIMULUS EVENTS PRESENTED 
To Eacn Group 


Ai(10 coins) A2(100 coins) A;:(500 coins) 


task was merely to insert another number 
or value in the blank space. It was felt 
that this would control for the effects of the 
magnitude of the numbers or monetary 
values which might be used by Ss in estimat- 
ing odds. For example, some Ss might 
respond, ‘$5.00 to $1.00,"’ while others might 
respond, ‘$0.05 to $0.01,” and the magnitude 
of these values might influence their estimate 
of the odds. 

With respect to Variables A and P, Table 1 
represents a summary of the probability 
stimuli which were presented to Ss. Each 
stimulus consisted of a statement of the form, 
“Obtaining at least X heads (X or more),” 
and Table 1 shows the value of X presented 
to each of the A, As, and A; groups as well 
as the probabilities of these events. 

The response measure.—Note in Table 1 
that the objective probabilities for the three 
groups are not identical. These differences 
are not critical, however, since the response 
measure used throughout the analysis was 
absolute deviation of subjeciive probability 
from the objective probability. That is, 
each estimate of odds was transformed to a 
subjective probability value and this value 
was subtracted from the objective probability 
level. The absolute difference was then used 
as the response measure. 


RESULTS AND DISCUSSION 


The summary table for the analysis 


of variance is given in Table 2. 
Bartlett’s test for homogeneity of 
variance indicated that the variances 
of the six groups were not significantly 
different. Table 2 shows that the 
main effects for Variables A and P 
are significant at the 1% level, and 
further, that the interaction between 
A and P is also significant at the 1% 
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TABLE 2 


SUMMARY TABLE FOR THE ANALYSIS 
OF VARIANCE 


2 | 447.362 


AXB 
Error (B) 
Total 


- 3 | 3782.542 | 
AXP 262.219 | 
BxXP : 88.233 
AXBxP 6 46.870 
Error (W) 198 34.839 
Total 216 


108.572* 
7.527* 
2.533 
1.345 


Total 287 


*P = Ol 
Note.—All measures were multiplied by 


100 for 
convenience of computation. 


level. These results indicate that 
the accuracy of Ss in estimating the 
probability of events seems to vary 
with the number of events or out- 
comes which are possible, and also 
with the probability value of the 
events. This generalization must be 
qualified, however, since the inter- 
action between the two variables was 
also significant. 

Figure 1 summarizes the data with 
respect to Variables A and P and 
represents a graph of the relation 
between objective probability, p, and 
subjective probability, ¢(p), for the 
combined B, and B, groups. The 
diagonal line represents the points 
where p and ¢(p) are equal, and con- 
sequently, deviations from the diag- 
onal line represent the magnitude of 
the difference between p and ¢(p). 
Note that there is very little difference 
between the three groups for p values 
greater than .50 while for p values less 
than .50, there seems to be a definite 
order of the three groups with respect 
to the magnitude of the deviations, 
i.e., from Ay, Ag, to Az, respectively. 
Also note that for all groups the 


deviations are much smaller for p 
values in the neighborhood of .50 
than for p values away from .50. 


These results seem to indicate that Ss 
are more accurate in estimating the 
probabilities of events under the follow- 
ing conditions: (a) when there are few 
possible outcomes or events and the 
probabilities are less than .50, and (b) 
when the probabilities are in the neigh- 
borhood of .50. These two generaliza- 
tions are not inconsistent with the 
significant main effects and interaction 
for Variables A and P as found in the 
analysis of variance. 

With regard to Variable P, the results 
of this study are consistent with the 
results found by Preston and Baratta 
(1948) who found that low probabilities 
were overestimated and high probabili- 
ties underestimated. With respect to 
Variable B, the results of the study were 
contrary to expectations. It was felt 
that estimating odds using numbers 
would differ from estimating odds using 
monetary values, i.e., the utility of 
money would influence the estimates of 
odds. It might be argued, however, 
that asking S to imagine himself in a 
betting situation is quite different from 
placing him in a betting situation where 
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Fic. 1. Graph of subjective probability, 
¢(p), as a function of objective probability, 
p, for the A; (10 coins), Az (100 coins), and 
A; (500 coins) groups. Each point represents 
the mean subjective probability of 24 Ss 
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he would actually play the bets, and thus, 
could win or lose his own money. 


SUMMARY 


The primary purpose of this study was to 
determine factors which might influence an 
individual's estimate of the probability of 
events. Three variables were studied: (a) 
the number of outcomes or events which 
could occur in the game, (b) estimation using 
numbers vs. using monetary values, and (c) 
probability value. An analysis of variance 
design was used with 72 male undergraduate 
students as Ss. 

The results indicated that Ss are least 
accurate in estimating the probability of 
events when the number of events or out- 
comes which can occur is large, and when 
probability values deviate from .50. This 
conclusion must be qualified, however, since 
the interaction between these factors was 
also found to be significant. With respect 
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to the comparison between using numbers 
and using monetary values, under the condi- 
tions of this study, no significant differences 
were found. 
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This paper reports three experi- 
ments designed to explore probabilis- 
tic verbal learning. Paired-associate 
learning has typically involved S-R 
stimuli with one stimulus and one 
response word. Retroactive inhibi- 
tion experiments have employed a 
stimulus with one response in original 
learning and a second response in 
interpolated learning (Bugelski, 1942). 
However, investigation of acquisition 
involving simultaneously competing 
responses has not been systematically 
investigated and is fundamental to a 
better understanding of complex learn- 
ing and especially of verbal behavior, 
which is characteristically probabilistic 
(Osgood, 1954). 

Probability learning studies have 
of course involved competing re- 
sponses (Grant, Hake, & Hornseth, 
1951). The present experiments ex- 
tend the findings of probability learn- 
ing in two ways: (a) verbal stimuli 
were employed; (}) six associations 
were concomitantly learned rather 
than one. 


EXPERIMENT | 
Method 


A probabilistically modified paired-asso- 
ciate procedure was employed which involved 
association of two response words with one 
stimulus word for five of six stimulus Words. 
The trials were constructed so that one 

1 This investigation was supported by a 
research grant (M-1476) from the National 
Institute of Mental Health, United States 
Public Health Service. The authors also 
wish to thank Norman Anderson for his help- 
ful comments. 

? Now at the College of Wooster. 

5 Now at the University of Wisconsin. 

* Now at the State University of lowa. 


response associated with a given stimulus 
occurred for a given percentage of trials of 
each 10-trial block while the second response 
occurred on the remaining trials of each 
10-trial block. The probabilities of R; and 
R: for each S-R;, S-Rz association were 
varied as indicated in Table 1. 

The stimulus words and their respective 
scale values are also presented in Table 1. 
The R,; and Rez words for each S word were 
permuted for one-half of the Ss (with the 
exception of the 1.00-.00 condition). 

The stimuli were presented on strip film 
at a rate of 2 sec. per frame. A standard 
paired-associate procedure employed 
(McGeoch & Irion, 1952) with one blank 
frame after each trial. Each film strip 
contained two 10-trial blocks and was pre- 
sented for 120 trials. One-half of the Ss were 
started at each of the two 10-trial blocks 
Starting point was orthogonal to response 
word permutation. 

The probability conditions associated with 
each S-R,, S-R.z set of verbal material and 
the intertrial and intratrial sequences were 
assigned randomly. Fifteen Ss, students 
from psychology classes at Wisconsin State 
College, were randomly assigned to each 
condition (N = 60). 

Instructions read to S were as follows: “A 
stimulus word will be presented to you on 
the wall in front of you. This presentation 
will be followed by the same word together 
with a response word. A series of such 
stimulus and response words will occur. 
Your task is to say the response word which 
you think will be presented with the stimulus 
word on all subsequent presentations of the 
same stimulus words. An example would 
be: the word dog will occur, then the words 
dog-cat. On each of the remaining presenta- 
tions of the word dog, you would try to give 
the word you think will be associated with 
the word dog. Please note: (1) artificial 
words are used, so pronounce them the best 
you can; (2) say the response word that you 
think will occur with the stimulus word, even 
though you are not sure of it; (3) although 
you probably will not be able to get all the 
words correct, it is important that you 
respond as often as possible and try to get 


was 


390 





ACQUISITION OF PROBABILISTIC PAIRED ASSOCIATES 


rABLE 1 
MEANS AND SDs oF SCALED NONSENSE Worps 
(1 = Hicu SmiLarity to EnGcitsu; 7 = Low SrmiLarity To ENGLIs#) 


Stimulus 
Probability 
Condition 


Word 


YAWM 


Mean 


1.00—.00 


2.85 


.90-.10 DOCT 2.80 


80-.20 BARP 2.85 


-70—.30 PERS 


60—.40 LIFS 


.50-—.50 HALK 


IC-4 Pretrain- JORT 
ing words, BURZ 
Exp. 2 

HERF 


SEMP 
ROSP 


TARB 


* Used only in Exp. 3 


as many words correct as you are able to. 
Do you have any questions?” 

Only one response by S was allowed for 
each stimulus word presentation. The re- 
sponse recorded for each stimulus 
word were: R;, Ra, no response, and extrane- 
Hereafter, T; responses refer 
to responses given by S of the particular 
response word which occurred with a prob- 
ability i following the respective stimulus 
word. 


classes 


ous response 


Results 


Response frequency.—Figure 1 pre- 
sents response percentage as a func- 
tion of 10-trial blocks with T;, re- 
sponse as parameter. The raw data 
of the .50 to .90 and the .10 to .50 
conditions were analyzed independ- 
ently due to the lack of independence 
of the R,; and Rs words. . One .50 
condition was arbitrarily assigned to 
each analysis. The 1.00 probability 


Response 


Word Mean 
3.13 
3.05 
3.30 
3.23 
3.05 
3.10 
3.03 
3.00 
3.05 
3.05 
3.30 
3.30 


MINS 
KOSH 
HUFT 
GAWS 
MURT 
HOLS 
JAWL 
GOSP 
KARN 
MENK 
VORD 
BINT 


4.08 
4.30 
4.20 
4.13 
4.20 
4.05 
4.05 
4.38 
4.38 
4.03 
4.05 


RAWZ 
NIRK 
HARX 
VAMS 
FOLP 
HIDZ 
ZAPS 
SIRN 
rENX 
FESK 
BONT 


— tee et ee DD ee ee ee 


condition was omitted because of the 
relative lack of variance. The sum- 
mary of the .50 to .90 analysis is 
Table 2. 


presented in (Significant 


Fic. 1. Response percentage as a func- 
tion of 10-trial block with T; response as 
parameter 
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TABLE 2 


(NALYSIS OF VARIANCE OF THE .50-.90 79 
PROBABILITY ConpiTIONS: Exp. 1 


Source of Variation 
Between Ss 

Permutation (P) 

Starting point (SP) 

P X SP 

Residual between 


Ss 

Within Ss 
Trials (T) 
Prob. condition 


190.98* 


401.18* 


Residual within Ss |3304 


*P = Ol. 


sources of variation are the same in 
the .10 to .50 analysis with the excep- 
tion that the T X PC X P interac- 
tion is significant.) 

Duncan (1955) range tests per- 
formed on the means of the significant 
probability conditions indicated that 
all probability conditions significantly 
differed from each other (.05 level) 
with the exception of the .10—.20 
conditions. The significant Trials X 
Probability condition source of varia- 
tion indicates a relatively greater 
increase in response frequency for 
the higher valued probability condi- 
tions over the 120 trials. The sig- 
nificant Probability condition X Per- 
mutation source of variation is due 
to certain word biases. In particular, 
the response words GOSP and VORD 
occurred more often than the associ- 
ated words JAWL and BINT, respec- 
tively. The means of the Probability 
condition X Starting point interac- 
tion yielded no systematic trends. 


™ Asymptotic performance.—Analyses 
of variance performed on the .50 to 
90 and .10 to .50 conditions for 
Trial Blocks 11 and 12 indicated 
that no source of variation containing 
trials is significant. An asymptote 
was therefore assumed. 

Figure 2 presents Block 12 T;, 
response percentage as a function of 
S-R probability. The data indicate 
that response percentage was above 
the ‘‘matching’’ line for the .60-.90 
S-R probabilities and below for the 
.10-.40 S-R probabilities. Modified 
analyses of variance (Grant, 1955) 
employing orthogonal polynomials in- 
dicate significant linear and quad- 
ratic components (.50 to .90: linear, 
F = 136.41; quadratic, F = 12.55; 
.10 to .50: linear, F = 111.67, quad- 
ratic, F = 14.82; 1 and 295 df for all 
F ratios). The quadratic component 
indicates that response frequency 
deviates significantly from the stimu- 
lus probability. It should be noted 
that all permutation and starting 
point response frequencies for each 
probability condition occurred on the 
respective side of the “matching” 
line. 

Rate of acquisition.—Since acquisi- 
tion curves and asymptotic perform- 
ance do not yield measures of rate of 
learning where rate is defined as the 
proportion of acquisition from the 
zero level to the asymptotic level 
that occurs on successive trials, a 
procedure was employed analogous 
to the estimation of @ used by Estes 
and Straughan (1954). The modi- 
fication (Voss, 1958) involved estima- 
tion of the asymptotic performance 
level from the data since no a priori 
assumptions were made regarding 
asymptotic performance. Moreover, 
#’ is employed to designate rate to 
avoid the theoretical implications of 
6. 

Table 3 presents 


learning rate 
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STIMULUS- 


B 3 to 


€ 7 
PROBABILITY 


Response percentage as a function of S-R probability for the 
Trial Block 12 data of Exp. 1, 2, and 3. 


values for the probability groups 
with asymptotic estimates based upon 
the last 20 trials. The values indicate 
that rate generally increases as a 
function of probability condition al- 
though major inversions occur at the 
.70 and .30 conditions. No run or 


TABLE 3 
LEARNING RATE, 6’, FOR THE SAME VERBAL 
MATERIAL AT THE RESPECTIVE 
PROBABILITY CONDITIONS IN 
Exp. I anp II 


Probability 
Condition 


alternation tendencies were uniquely 
present in the .70-.30 condition to 


account for the inversion. The in- 
version was instead likely due to the 
confounded verbal material. 


Discussion 


The verbal aspects of the present 
experiment initiate certain problems not 
found in other probability learning situa- 
tions. In particular, response word 
biases occurred in the present experiment 
despite the use of individually scaled 
nonsense words. Intralist interference 
would likely produce word bias, even 
though the use of scaled S-R,, S-R: 
pairs of words would probably minimize 
bias. 

Acquisition is likely influenced by the 
interference between respective R, and 
Rz words and the other response words. 
Gardner (1957), in a situation involving 
one stimulus and three responses, found 
that the most frequently associated 
response yielded response percentages 
considerably above the respective stimu- 
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lus probability. It may be argued that, 
in the present study, even though a 
somewhat arbitrary asymptote occurred, 
each pair of correct response words were 
not adequately differentiated from the 
remaining response words. Experiment 
II was therefore designed to test the 
hypothesis that increasing the amount of 
information concerning the probability of 
occurrence of the affects the 
acquisition and asymptotic performance. 


words 


EXPERIMENT II 
Method 


Four instructional conditions were em- 
ployed. Instructional Condition 1 (IC-1) 
had the same instructions as Exp. I. In- 
structional Condition 2 (1C-2) had the same 
instructions as Exp. I with the added state- 
ment, ‘‘Two response words are associated 
with each stimulus word except for one 
stimulus word.” Instructional Condition 3 
(1C-3) employed pretraining which involved 
presentation on each trial of both S-R,, S-Re 
associations used in the experimental test 
situation. Instructions to S in pretraining 


0.30 a80 
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were to anticipate both response words. The 
six associations were presented in random 
order over a recurring 20-trial film. The 
test situation immediately followed the 
criterion of two successive correct trials. 
Instructional Condition 4 (1C-4) was iden- 
tical to 1C-3 with the exception that different 
nonsense words were employed in pretraining 
than the test situation (see Table 1). IC-4 
was added to determine the effect of previous 
nontest nonsense word learning and to serve 
as a control for IC-3. 

The words employed for IC-1, 1C-2, 1C-3, 
and the test situation of IC-4 were the same 
as those used in Exp. I. Permutation, 
presentation rate, and number of trials were 
varied as in Exp. I. Starting point was not 
varied. The N was 12 for each IC permu- 
tation (N = 96). 


Results 


Response . frequency.—Acquisition 
was initially different for the IC 
groups, but after approximately 40 
trials, performance level became vir- 
tually equal for the IC groups. 
Figure 3 therefore presents the per- 
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centage T; responses as a function 
of the first four 10-trial blocks for 
the parameters of T,; responses and 
instructional condition. 

The IC-3 group began the test 
series by responding relatively close 
to the 50% level for both responses. 
Warm-up and familiarity with non- 
sense words in pretraining apparently 
enabled Group IC-4 to produce more 
early trial T; responses than Groups 
IC-1 and IC-2, but fewer than Group 
IC-3. 

The summary of the raw data 
analysis of the .50 to .90 condition is 
presented in Table 4. (Significant 
sources of variation are identical 
in the .10 to .50 analysis.) 

The nonsignificant effect of in- 
structional condition considered with 
the significant Trials X Instructional 
condition interaction indicates that 
T; response frequency was greater 
for Groups IC-3 and IC-4 during 
early trials, but Groups IC-1 and 


TABLE 4 


ANALYSIS OF VARIANCE OF THE .50—.90 
PROBABILITY ConpiTIONs: Exp. II 


Source of Variation ¢ Ws 


Between Ss 


Permutation (P) 

Instructional cond 
(IC) 

rx mM: 

Residual between 
Ss 

Within Ss 
Trials (T) 
Prob. condition 


C) 


Residual within Ss 


*P = Ol. 


918.0 


79.0 
243.7 


88| 47.8 


11 pases 232.79* 
4 |2819.25| 568.40* 
44| 12.41) 2.50* 
1 6.30* 
3 5.49* 
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IC-2 reached the IC-3 and IC-4 
performance level sufficiently early 
in trials so that ao over-all instructional 
difference occurred. 

Inspection of the Instructional con- 
dition X Probability condition inter- 
action means indicates that Groups 
IC-3 and IC-4 responded with a 
relatively greater frequency than 
Groups IC-1 and IC-2 at the prob- 
ability conditions of .50-.50, .60-.40, 
and .70-.30. These three probability 
conditions were most difficult to learn 
for Groups IC-1 and IC-2, and pre- 
training yielded a relatively greater 
advantage for Groups IC-3 and IC-4 
at these conditions. 

E imination of word bias in Group 
IC-3 likely produced the significant 
Instructional condition X Permutation 
and Instructional condition K Permu- 
tation X Probability condition inter- 
actions. Moreover, even on Trial 
Block 12 associations of both permu- 
tations have virtually equal frequency 
in IC-3. Groups IC-1, IC-2, and 
IC-4 demonstrated the word biases 
previously found. The IC-3 and IC-4 
findings imply that the training with 
particular words is being transferred 
in IC-3 and not the “set” for rela- 
tionships of probabilistic responses. 

Asymptotic performance.—Analyses 
of variance (.10 to .50 and .50 to .90) 
of Trial Blocks 11 and 12 yielded no 
significant source of variation contain- 
ing trials. An asymptote was there- 
fore assumed. 

Figure 2 presents T; response fre- 
quency as a function of S-R,, S-R» 
stimulus probability for Block 12. 
Analyses of the Block 12 data in- 
dicated that the linear and quadratic 
components of the significant proba- 
bility condition source of variation are 
significant in both the .50 to .90 and 
.10 to .50 analyses (.50 to .9C: linear, 
F = 195.81; quadratic, F = 11.78; 
.10 to .50: linear, F = 201.92; quad- 
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ratic, F = 7.06; 1 and 475 df). All 
instructional condition means for the 
.60 to .90 and .10 to .40 conditions 
occur on the respective side of the 
“‘matching”’ line. 


Discussion 


Pretraining in IC-3 had three effects: 
(a) Results of Exp. 1 and 2 indicated 
that asymptotic performance is not a 
function of the degree of learning. (6) 
A relatively transient effect of pretrain- 
ing was found which indicated test per- 
formance is at first a function of pre- 
training conditions, but rapidly becomes 
a function of the test probabilities. (c) 
Word bias was eliminated. 

The findings of the remaining groups 
indicate that pretraining on nontest 
nonsense words has only a transient 
effect in early learning and knowledge of 
the number of responses has no effect 
upon performance. 


EXPERIMENT III 
Method 


Experiment III was designed to study con- 
comitant acquisition of six probabilistic 
associations of the same probability value. 
Moreover, use of the same verbal material 
allowed for comparison between the S-R,, 
S-Rz association employed at the same 
probability values of Exp. I and III. 

Five probability conditions were employed 
with the same values as those of Exp. I and II 
with the omission of the 1.00—-.00 condition. 
The S-R, and S-R: probabilities were the 
same for all verbal associations within the 
given probability group. Other conditions 
of Exp. III were comparable to Exp. I and II. 

Ten Ss were assigned randomly to each 
probability condition permutation, or N = 100. 


Results 


Response frequency.—Acquisition 
curves for the five probability condi- 
tions are similar to those presented 
in Fig. 1 and may be found elsewhere 
(Voss, 1958). A summary of the .50 
to .90 analysis is presented in Table 5. 
The only additional significant source 
of variation found in the .10 to .50 
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TABLE 5 


ANALYSIS OF VARIANCE OF THE .50-.90 
PropaBiLity ConpiTions: Exp. III 


Source of Variation 


Between Ss 
Prob. condition 
(PC) 
Permutation (P) 
PC XP 


Residual between 


Ss 
Within Ss 
Trials (T) 
Verbal material 
(VM) } , 16.38* 
; i 1.51 
6.81* 
4.64* 
8.77* 
46.23* 
<i 
<1 
<i 
7.81* 


<i 


Residual within Ss |6390 


*P = O01 


analysis is Permutation. The sig- 
nificant Probability condition, Trials, 
and Trials X Probability condition 
interaction sources of variation dem- 
onstrate generalization of the results 
found in Exp. I and II. Duncan 
range tests indicated that all prob- 
ability conditions differed significantly 
from each other. 

Since verba! material was not con- 
founded with probability condition 
in the present experiment, varia- 
bility of verbal material may be 
analyzed in greater detail. Difficulty 
increased in the following stimulus 
word order: .50 to .90, DOCT, 
YAWM, BARP, HALK, PERS, and 
LIFS; .10 to .50, YAWM, DOCT, 
HALK, PERS, LIFS, and BARP. 
The nonsignificant Trial X Verbal 
condition interaction indicates that 
the relative difficulty of verbal mate- 
rial was virtually fixed over trials. In- 
spection of the means indicated that 
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no particular verbal stimuli were 
systematically more difficult as a 
function of S-R,, S-Rz probability. 
Asymptotic performance.—Analyses 
of variance of the .10 to .50 and .50 
to .90 conditions in Trial Block 11 and 
12 revealed that no significant source 
of variation containing trials. An 
asymptote was therefore assumed. 
Figure 2 presents the Block 12 data. 
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Probability condition is a significant 
source of variation and subsequent 
analyses revealed that the linear 
component is significant in both 
analyses (.50-.90: F = 214.75: .10- 
50: F = 161.56; 1 and 90 df). The 
quadratic component is significant 
in only the .10-.50 analysis (.50-.90: 
F = 2.63; .10—.50: F = 7.77; 1 and 
90 df). The results of the .50 to .90 
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Response percentage as a function of 10-trial blocks with T; response as parameter 


for the one identical verbal material condition associated with the respective probability 


condition of Exp. I and III. 





398 J. 


analysis do not necessarily imply that 
response frequency occurred at the 
“matching’’ rate. The mean fre- 
quencies of response for the .60-.90 
groups instead occurred above the 
‘“‘matching”’ line. 

Verbal material results however 
complicate the asymptotic situation. 
The six verbal material Trial Block 
12 means occur above the ‘‘matching”’ 
line for the .90 and .80 stimulus proba- 
bilities; whereas four of the six means 
occur above the ‘‘matching”’ line in 
the .70 and .60 probability conditions. 

Comparison of Exp. I and III. 
Figure 4 presents T; response percent- 
age as a function of trial block for the 
one identical verbal material condi- 
tion association with the respective 
probability condition of Exp. I and III. 
Analyses of the .50 to .90 and .10 to 
.50 conditions performed on the raw 
data of Fig. 4 indicate that the experi- 
ment source of variation is not sig- 
nificant. Probability condition is sig- 


nificant for both analyses (.50-.90: 


F = 65.93; .10-.50: F = 49.24; 4 and 
390 df). The Experiment X Proba- 
bility condition source of variation is 
significant for the .50 to .90 analysis 
(.50 to .90: F = 3.49; .10 to .50: 
F= <1;4 and 390 df). 

Rate of acquisition—Table 3 pre- 
sents the rate of learning measure, 
6’, for the same verbal material which 
occurred at the respective probability 
condition of Exp. land III. The Exp. 
III 6 values increase as a function of 
probability condition. No .70-.30 
condition inversion is found in Exp. 
Ill. A decrease of the T 2 responses 
in the last 20 trials provided for no 
meaningful measure. 

Analyses of variance performed on 
the Trial Block 12 data of Fig. 4 
revealed only probability condition 
as significant. This result indicates 
that although the interaction of 
Probability condition and Experiment 
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is significant in the .50 to .90 analysis, 
and although some differences occur 
in the @’ values presented in Table 3, 
asymptotic performance was not sig- 
nificantly different between the groups 
having the same verbal material 
employed at a _ given probability 
condition in Exp. I and ITI. 


DISCUSSION 


The results of the three experiments 
indicate that over a number of condi- 
tions, response frequency, learning rate, 
and asymptotic performance level varied 
as a function of the S-R;, S-Re prob- 
abilities. 

Further research on response competi- 
tion is required where the R:» response 
word in a given S-R, S-Rz» association 
is omitted on the S-Rz trials of the 
present experiments. Partial reinforce- 
ment studies (Jenkins & Stanley, 1950) 
indicate that relatively little difference 
in acquisition occurs as a function of 
S-R, probability values between .50 
and 1.00 where the S-R2 probability is 
.00. These ‘findings suggest that the 
differential effect of probability condi- 
tion in the present experiments is due 
to response competition rather than the 
S-R, probability per se. 

Intralist response interference, as re- 
vealed by intrusions of intralist re- 
sponses, occurred early in learning and 
diminished as performance approached 
an asymptote. This finding and the 
results of Group IC-3 in Exp. II, where 
intralist intrusions were minimized, in- 
dicate that intralist interference infiu- 
ences response frequency and learning 
rate, but not asymptotic performance. 

Learning rate was a function of S-R,, 
S-R. probability. Inspection of Table 3 
suggests that extreme probabilities are 
required in order to yield relatively large 
differences in learning rate. Two hy- 
potheses are therefore suggested. The 
first is that learning rate is a sigmoid 
function of S-R,, S-Re probabilities in 
similar competing response situations. 
The second hypothesis is that acquisition 
is a function of the degree of discrimina- 
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tion between the probabilistic associa- 
tions of the list. This hypothesis as- 
sumes that discrimination of S-R,, S-R, 
events increases as the probabilities vary 
from .50-.50 to .90-.10. Little evidence 
however is available on probabilistic 
psychophysical judgments (Attneave, 
1953; Clarke, 1957). 

Further research is required in order 
to determine the effect of the interaction 
of number of associations and prob- 
ability of associations upon acquisition. 
However, since rate of learning is more 
rapid for the S-R, associations approach- 
ing the 1.00 probability, it is expected 
that acquisition is a function of the 
proportion of associations learned with 
the greater S-R, probabilities. In addi- 


tion, the comparison of Exp. I and III 
indicates that at least for the .50 to .90 
conditions, acquisition is a function of 
the concomitantly 


the probability of 
learned associations. 

Asymptotic performance level was not 
related to degree of learning or the 
probability of concomitantly learned 
Further experimentation 
is required in order to determine when 
asymptotic response level varies. 

The results of the present experiments 
are limited in that verbal material was 
confounded with probability condition 
in Exp. I and Il. However, the results 
of Exp. III indicate that although sig- 
nificant differences occurred 
verbal material, the material 
variable involved a relatively small 
error in the response frequency-stimulus 


associations. 


between 
verbal 


probability relationship. 


SUMMARY 


Three experiments were performed on the 
acquisition of S-R;, S-Rz probabilistic associa- 
tions. Six probabilistically modified paired 
associates were presented for 120 trials. 
The six probabilities were: 1.00-.00; .90-.10; 
.80—.20; .70—.30; .60—.40; .50—.50. The vari- 
able of stimulus information was studied in 
Exp. II. Stimulus probability was made a 
between-S variable in Exp. III. 

The results indicate that response fre- 
quency is an increasing function of stimulus 
probability. Learning rate increased as a 
function of S-R probability, although large 
differences occurred only at extreme prob- 
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ability values. Asymptotic performance level 
was Virtually fixed over the three experiments 
above the respective S-R probabilities for 
.50 to .90 conditions and below the comple- 
mentary S-R probabilities for the .10 to .50 
conditions. 

The results were related to S-R,, S-R, 
response competition and intralist inter- 
ference. Hypotheses suggested included that 
learning rate is a sigmoid function of S-R 
probability, and is also related to the discrimi- 
nation of S-R,, S-R» probability differences. 
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SECONDARY AND GENERALIZED REINFORCEMENT 
IN HUMAN LEARNING! 


FREDERICK H. KANFER? 


Purdue University 


A considerable burden has been 
placed by theorists on the concept of 
generalized reinforcement in attempts 
to explain the power of socially 
mediated reinforcers, such as ‘‘good,”’ 
attention, or approval. Skinner (1953) 
describes the generalization of rein- 
forcing properties of a conditioned 
reinforcing stimulus as a consequence 
of pairing the stimulus with numerous 
primary reinforcers. He suggests that 
generalized reinforcement is more 
effective because it is less dependent 
on the momentary deprivation of the 
organism and the same response may 
precede a variety of reinforcements 
on different occasions and under 
different deprivations, thus increasing 
the probability of the future occur- 
Furthermore, 


rence of the response. 
the wide variety of rewards which 
have followed a gener. lized reinforcer 
decreases the likelihood that satiation 
has taken place after several instances 


of the sequence. Utilization of tokens 
as generalized reinforcers with distinct 
physical characteristics, should fur- 
ther enhance the effect, since ‘‘these 
permit a sharper contingency between 
behavior and consequence”’ (Skinner, 
1953, p. 79). 

The purpose of the present study 
is to investigate the relative effective- 
ness"of a discrete secondary reinforcer 
vs. a generalized secondary reinforcer ; 
i.e., one which has been paired with 

' This research was supported in part by 
Research Grants M-2027 and M-1938 from 
the National Institute of Mental Health, 
United States Public Health Service. 

2 The data were collected while the first 
author was visiting professor in the University 
of Oregon Medical School, Summer 1958. 


AND 


JOSEPH D. MATARAZZO 
University of Oregon Medical School 


only one consumable reward vs. one 
which has been paired with different 
consumable rewards. 


METHOD 


Subjects.—The Ss were 54 female student 
nurses who volunteered for participation in 
this study. All were naive about psycho- 
logical experimentation and the purpose of 
the study. 

Apparatus and procedure——The S sat 
facing a memory drum. To her right was a 
12-in. high wooden partition mounted on a 
table which allowed E to observe S, but hid 
E's recording of data. Inserted within the 
partition was a tin chute which extended 
from E’s side of the partition to S’s side, 
where it protruded 4 in. from the partition. 
A token was dropped into the tin chute by 
E from his side and emerged from the outlet 
on S’s side into an open box in full view of S 
whenever she gave a correct response. Ona 
table between E and S, and in full view of S 
at all times, was a tray containing a quantity 
of the reward(s) for which she could exchange 
the tokens. Blue poker chips served as 
tokens. The rewards consisted of candy 
bars, sample packs of cigarettes, and sample 
flasks of hand lotion. The rewards were 
approximately equal in commercial value 
(about 5 cents each) and were selected after 
approximately equal preference was expressed 
for these rewards among a sample of female 
nurses. 

Two lists of paired associates were used 
as learning tasks. The first list consisted of 
six pairs of adjectives which had average 
similarity ratings of .15 or less, as reported by 
Hilgard (1951, p. 552) after a study by Melton 
and Saffir. The second list contained six 
pairs of nonsense syllables taken from Hil- 
gard's list of syllables with low association 
values (1951, p. 545). Stimulus presenta- 
tions and intertrial intervals of 2 sec. were 
used on both tasks. A trial is defined as the 
presentation of one pair. 

The Ss were randomly assigned to three 
groups which differed only with respect to 
the eventual reward for which poker chips 
could be exchanged. All Ss were given the 
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usual instructions for paired-associate learn- 
ing, and were told that they would be given 
one poker chip for each correct anticipation. 

This ended the instructions for the Control 
Group (C). The Ss in the secondary rein- 
forcement group (SR) were divided into three 
equal subgroups. The subgroups differed 
only in that the first obtained only cigarettes 
as a reward, the second obtained only candy 
bars, and the third obtained only hand lotion. 
For the entire SR group, the following was 
added: ‘“‘At certain intervals during the 
experiment you may exchange the chips for 
bottles of hand lotion (packs of cigarettes, 
candy bars). Two chips may be traded for 
one bottle of hand lotion (one pack of 
cigarettes, one candy bar). You may keep 
the items which you have earned.” 

The generalized reinforcement group (GR) 
was told: “At certain intervals during the 
experiment you may exchange the chips for 
candy bars, packs of cigarettes, or bottles 
of hand lotion. Two chips may be traded 
for any one of these. You will have your 
choice among the three each time and you may 
keep what you choose. 

Thus, while Ss in Group C were not able 
to exchange their poker chips for any reward, 
and Ss in Group SR could exchange 


theirs for only one type of reward, Ss in 
Group GR could exchange their chips for 


some of each of the three rewards. 

After each S had seen the respective 
rewards which she could expect and had 
indicated that she understood the instruc- 
tions, learning of the adjective pairs was 
begun. All Ss received one poker chip for 
every correct association. The Ss continued 
until 20 correct associations were given. By 
this method each S obtained 20 poker chips 
during this part of the experiment. After 
reaching the criterion on the first learning 
task, S was allowed to exchange his tokens 
for whatever rewards were appropriate to 
his group. In Group C the tokens were 
collected and no further comments were made. 
In the reward groups, Ss were encouraged 
to handle rewards themselves and were asked 
to keep the rewards in a designated place 
next to the memory drum in front of them. 
The E then inserted the nonsense syllable 
list in the memory drum and proceeded to 
give the instructions for the second task. 
For all Ss an interval of 4 min. was allowed 
between the end of the first learning task 
and the presentation of the second (paired 
nonsense syllables) learning task. All Ss 
were given the following instructions during 
the interval between learning Tasks 1 and 2: 
“For the next part, paired nonsense syllables 
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will be used instead of adjectives (sample 
trial). Notice that the second syllable must 
be spelled, not pronounced. In all other ways 
your task will be the same as before. For 
every correct association, you will be given 
one poker chip. The chips will be turned 
in again at the end of the learning period. 

The Ss were encouraged to believe that 
these tokens would again be redeemable by 
leaving full trays of rewards in front of them 
throughout the entire experiment. No ques- 
tions were answered concerning redemption 
of the chips. The nonsense list was presented 
until S had given 20 correct anticipations 
For all groups, one poker chip was given for 
each correct response. ‘lhe poker chips were 
collected after the completion of the second 
learned task and Ss in Groups GR and 
SR were questioned concerning their use of 
the rewards which they had obtained. For 
instance, an S in Group SR who had obtained 
cigarettes would be questioned about her 
smoking habits, whereas an S who had been 
given free choice of all three rewards and had 
selected candy, cigarettes, and hand lotion 
would be asked about her use of each product 
and her relative preference for each of the 
rewards. 


RESULTS 


Table 1 summarizes the mean 
number of trials (presentations of 
S-R pairs) on both learning tasks and 
the mean difference between the two 
tasks. The difference scores were 
obtained by subtracting each S's 
score on the second task from his 
score on the first task. 

The analysis of the data is pre- 
sented in Table 2. The experimental 
groups, despite differences in instruc- 
tions, did not differ in learning the 
adjective pairs (Task 1). It should 
be noted that this task was carried 
out before any actual exchange of 
tokens for the rewards which Groups 
SR and GR had been promised. On 
the nonsense syllable learning (Task 
2), the groups differed significantly 
irom each other (F = 4.33). Group 
C required the largest number of 
trials to the criterion, while Ss in 
Group GR showed fastest learning. 
As expected, the two learning tasks 
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TABLE 1 
MEAN NUMBER OF TRIALS ON BotH Tasks AND MEAN DIFFERENCE 
SCORES BETWEEN TASKS 


Groups 
NV = 18 


Control 


GR 46.89 


differed significantly from each other 
(F = 26.40). The significant Task 
by Group interaction (F = 3.54) in- 
dicates that the treatment resulted 
in differential performance changes 
among the groups on the two tasks. 
A breakdown of the effects of the task 
on the three groups is also presented 
in Table 2. Group GR shows no 
significant change in its mean per- 
formance on the two tasks. The 
other groups, however, require signifi- 
cantly more trials on the nonsense 
syllable list than on the adjective 
list. The data indicate, therefore, 
that only generalized reinforcement 
was sufficiently effective to facilitate 
learning on Task 2 to the point that 
mean number of trials to criterion 


rTABLE 2 


ANALYSIS OF VARIANCE ON ALL SCORES 


Source 


Between Ss 
Groups (G) 
G in Task 1 
G in Task 2 563. 
Pooled Ss in G 361.35 
Within Ss | 54] 
Tasks (T) | 5518.37 | 26.40** 
T in Gp. C | $112.25 | 24.45** 
T in Gp. SR | 1586.69| 7.59** 
T in Gp. GR 300.44; 1.44 
TXG 740.51| 3.54* 
CX SsinG 209.05 
Total 


| 


*P < 0S. 
Pp < 01. 


; 2. 70.89 
SR 5. 58.39 
52.67 


Differences 


Mean 


23.83 
13.28 
5.78 


20.83 
15.24 
17.64 


was no higher than for the relatively 
easier adjective list. 

In addition to the over-all F tests, 
the extent of the effectiveness of 
generalized reinforcement over second- 
ary reinforcement had been of interest 
in this study. Therefore, this specific 
hypothesis was tested by an F test 
on the nonsense syllable scores of 
Groups SR and GR. The resulting 
F of 1.03 (1 and 34 df) indicated that 
these two groups did not differ 
significantly from each other. 

Since group SR had three sub- 
groups which received different re- 
wards, an analysis of their performance 
was carried out (Table 3). An F of 
1.18 indicated that the type of reward 
did not significantly affect learning. 
Furthermore, a nonsignificant F for 
Tasks by Subgroups was obtained. 
Thus, the type of reward did not show 
any interaction with the tasks. 


rABLE 3 


ANALYSIS OF VARIANCE ON SUBGROUPS 
In Group SR 


Between Ss 
Subgroups (SG) 
Pooled Ss in SG 

Within Ss 
Tasks (T) 

7 < oo 
r X Ssin SG 


1586.69 
199.14 
267.50 


*P < .05. 
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DISCUSSION 


Despite the apparent trends, the major 
hypothesis concerning the greater effec- 
tiveness of generalized reinforcement 
over secondary reinforcement has not 
been clearly substantiated. However, 
the experimental findings point to several 
issues which must be clarified in further 
experimentation before the implication 
of these results can be evaluated. 

The present study utilized tokens as an 
intermediate step between the response 
and the reward. Although tokens have 
the advantage of reducing satiation 
effects, poker chips may themselves have 
some initial generalized incentive value 
and therefore act as generalized rein- 
forcers for all groups. 

The rewards were equated for their 
commercial value and also for preferences 
among an initial group of pilot Ss. 
Nevertheless, Ss in Group GR showed 
some preferences for one reward (hand 
lotion) over the other two. Although 
the type of reward in itself did not have 
a major effect, as indicated by the test 


on the three subgroups in Group SR, 
a preference for one type of reward over 


the others would result in lessened 
effectiveness of a generalized reinforcer. 
In further research in this area, it would 
seem advisable to control individual 
preferences for Ss, in order to sustain 
equal motivation in all Ss in a GR group 
or treat it as an additional independent 
variable. 

Although Groups SR and GR did not 
differ significantly from each other on 
the second task, the data also indicate 
that only Group GR showed sufficient 
improvement in learning the nonsense 
syllable list, when compared with the 
relatively easier adjective list to yield 
performance scores on these two tasks 
which did not differ from each other. 
Thus, greater individual gains in Group 
GR may reflect a trend which is not 
sufficiently strong when tested only in a 
comparison of Groups SR and GR on 
Task 2. The statistical test on per- 
formance of Groups SR and GR in Task 
2 only is, of course, less sensitive than 
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the over-all analysis since the latter is 
based on an error term which is corrected 
for the individual consistencies of behav- 
ior on Tasks 1 and 2. 

The instructions themselves did not 
affect group performances on Task 1. 
Both rewarded groups did significantly 
better only after they had been allowed 
to exchange their tokens for the rewards. 
It would appear then, that the actual 
pairing of the token with the promised 
reward was necessary to provide differen 
tial reinforcing properties to the tokens 
As Skinner (1953) has indicated in his 
discussion of secondary and generalized 
reinforcement, special value of these 
reinforcing stimuli might be attributable 
to their potential for maintaining a high 
motivational level. If such motivational 
effects differed Groups SR 
and GR, within-group variability with 
respect to the specific reward would be- 
come an important masking factor 
Only if the rewards are indeed equally 
desirable would the potential for choos- 
ing several the effect 
of satiation maintain 
motivational 


between 


lessen 
thereby 
high 


rewards 
and 

consistently 

level in Group GR. 


a more 


Considering the direction of differences 
between the groups on Task 2, as well 
as the significantly greater improvement 
in Group GR from Task 1 to Task 2, 
failure to find full support for the experi 
mental hypothesis by 
may 


statistical 
indicate that further control over 
individual reward values may be neces- 
sary to provide sufficient opportunity 
for generalized 
fully effective. 


tests, 


reinforcers to become 
SUMMARY 


The 
of generalized 


study investigated the effectiveness 


reinforcement in learning 
Fifty-four female Ss were assigned to three 
groups. All Ss first learned a paired adijec- 
tive list and were given poker chips for correct 
responses. Twenty 
nated learning. All Ss then learned a second 
task, a nonsense syllable list, to the same 
criterion of 20 correct responses. The 
generalized reinforcement group (Group GR) 
was instructed that tokens would be ex 
changed for one of three types of rewards 


correct responses termi 
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Such exchange was allowed between Tasks 
1 and 2. The secondary reinforcement 
group (SR) was similarly rewarded at the 
end of the first task, but randomly assigned 
to only one type of reward. The control 
group (Group C) could not exchange tokens 
for any reward. The results indicated that 
the groups did not differ from each other 
in learning the first task. On Task 2 Group 
C required more trials than Group SR, 
Group GR learned Task 2 in fewest trials. 
The over-all F test was significant (P < .05) 
but the difference between Groups SR and 
GR was not significant. Considering the 
effect of learning Task 1 on Task 2, it was 
found that performance scores differed 
significantly for Groups C and SR, whereas 
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no difference in the number of trials to 
criterion was found for Group GR on Tasks 
land 2. The results suggest that generalized 
reinforcement is somewhat more effective 
than secondary reinforcement in human 
verbal learning. 
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The purpose was to explore the 
functional relations between the sub- 
jective magnitude and the physical 
magnitude of mechanical forces ex- 
perienced by an observer (O). There 
were four primary objectives: (a) to 
obtain a ratio scale for the apparent 
magnitude of a force exerted by O 
on a hand dynamometer, (0) to obtain 
a ratio scale for the apparent magni- 
tude of a force applied by the experi- 
menter (£) to the palm of O’s hand, 
(c) to compare and check these two 
scales of apparent force by having O 
exert force on the hand dynamometer 
to match the force applied to his 
palm, and (d) to compare, by a similar 
matching procedure, the subjective 


scale of exerted force and the ‘‘veg 
scale” for the subjective heaviness 


of lifted weights. In addition, a 
secondary objective was to determine 
the relation of the category scale of 
exerted force to the ratio scale cf the 
same continuum. 

What was perhaps the first attempt 
to scale the subjective magnitude of 
force was reported by Fullerton and 
Cattell (1892). They asked two Os 
to exert, on a hand dynamometer, 
forces twice as great or one-half as 
great as a standard force. They 
were puzzled by the fact that on the 
average the Os did not double or halve 
the physical magnitude of the stand- 
ard, and they abandoned this pursuit. 
Recently, S. S. Stevens (1957) pointed 
out that the meager results of Fuller- 

1 This research was supported partly by a 
grant from the National Science Foundation, 
partly by Contract Nonr-1866(15) with the 
Office of Naval Research (Project Nr142-201, 
Report PNR-225). Reproduction for any 
purpose of the U. S. Government is permitted. 


ton and Cattell are roughly consistent 
with the veg scale, and he suggested 
that both the apparent magnitude 
of muscular pull and the apparent 
heaviness of lifted weights might grow 
as power functions of stimulus mag- 
nitude. The present studies under- 
take to repeat the experiment of 
Fullerton and Cattell and to extend 
the investigation along several lines. 


ForRCE OF HANDGRIP 


Apparatus 


In all the experiments O pulled on a handle 
with his right hand. For one set of experi- 
ments there was virtually no movement of 
the handle upon the application of force. 
The handle was connected, as shown in Fig. 
1, to a calibrated Dillon Tensile-Type Force 
Gauge, graduated in 1-!>. units from 0 to 100 
lb. A displacement of the handle through 
0.039 in. caused a full 100-Ib. deflection of the 
dial. The force gauge was connected with 
the handle and with the supporting table 
by means of ball-bearing joints, which tended 
to align the gauge in the direction of the force 
exerted on the handle. 

For another set of experiments the same 
handle was connected by means of a steel 
wire and a fixed pulley to a suspended balance, 

















Fic. 1. Showing the parts and arrangement 


of the dynamometer. 
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whose dial was graduated in 1/10-lb. units 
from 0 to 40 lb. Calibration showed that 


the displacement of the handle was approxi- 
mately proportional to the pull exerted on it, 
and that a 40-lb. pull required a handle 
displacement of approximately 1.5 in 


Procedure 


fn order to avoid bias that could possibly 
result from basing a scale on a single kind of 
judgment, three scaling methods were used: 
ratio production, magnitude production, and 
magnitude estimation. In addition, the 
method of category production was used to 
obtain a 7-point category scale. (For 
description of these methods, see S. S. Stevens, 
1958.) 

The possibility that apparent movement 
of the handle might influence the perception 
of force was investigated by using both the 
apparatus that required O to pull the handle 
over perceptible distances, and the apparatus 
that essentially eliminated movement. The 
ratio production and the category judgments 
were obtained with the movable handle only, 
but magnitude estimates and magnitude 
productions were obtained with both setups. 

The Os were right-handed men, mostly 
students in the university. Some partici- 
pated in a single session, others in more than 
one. Before a session, O read written instruc- 
tions appropriate to the experiments, ab- 
breviated versions of which appear below. 
Since one of the objectives was to obtain 
stable individual functions, a fairly large 
number of judgments was often required. 
Consequently O was encouraged to rest 
whenever he felt tired. 

Ratio production.—The O was asked to 
exert successively two forces that appeared 
to be in 2 to 1 relation to each other. The 
instructions were: “In this experiment you 
are asked to exert on a handle at various 
times a light, moderate, or heavy force, and 
then after releasing the handle to.exert a 
force that seems to you one-half or twice as 
great. ‘One-half’ or “twice” means what 
seems to you to feel like one-half or double 
the force. Before the experiment, you may 
pull the handle a few times to get accustomed 
to it. As you proceed, you will be told 
in each case whether to exert a moderate, 
light, or heavy pull, and also whether to halve 
or to double it.” 

Five Os first made 15 judgments of one- 
half apparent force, rested for a few minutes, 
and then made 15 judgments of double 
apparent force. Another five Os performed 
the same judgments in reverse order. Each 
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group of 15 judgments contained five judg- 
ments in each of three blocks specified by E 
as light, moderate, or heavy. The sequence 
of blocks was varied from one O to another 

Magnitude production.—This method, sug- 
gested by S. S. Stevens (1958), but hitherto 
not extensively used to scale sensory magni- 
tude, required O to exert forces whose ap- 
parent magnitudes were proportional to 
numbers supplied in succession by E—in these 
experiments, the numbers 3, 6, 10, 20, and 30. 

The instructions were: “‘You are asked to 
begin by exerting a modcrate pull on a handle. 
Let the number 10 stand for the apparent 
value of the force you exert. You will then 
be asked to exert forces in proportion to 
other numbers. For example, if given the 
number 25, you would attempt to exert an 
apparent force 24 times as great as the force 
called 10.” 

In the first of two experiments each of 
10 Os pulled the movable handle 50 times, 
10 times for each number. The order in 
which the numbers were given was irregular 
and different for each O. In the second 
experiment, each of 10 Os, of whom 7 had 
taken part in the first experiment, pulled the 
stationary handle 35 times, 7 times for each 
number. 

Magnitude estimation—In two experi- 
ments, O was instructed (a) to increase the 
force applied to the handle until EZ signaled 
that a proper force had been achieved, (6) 
to let the number 10 stand for the apparent 
magnitude of that force, and (c) to assign 
numbers proportional to the apparent magni- 
tude of each of a series of subsequent forces 
indicated by E’s signal. Since O occasion- 
ally “overshot” the force required, it was 
sometimes necessary for him to moderate 
the force by instructions from E. 

Using the movable handle, nine Os esti- 
mated the apparent magnitude of six specified 
forces between 5 and 35 lb. The initial pull, 
called 10, equaled 17 lb. Sixty estimates 
were made in a single session, 10 at each of 
the six levels of force. Using the stationary 
handle, 10 Os, of whom 5 had already par- 
ticipated in the first experiment, estimated 
the magnitude of six levels of force, between 
4 and 40 |b. The initial pull, calléd 10, 
equaled 15 lb., and O estimated each level 
six times. The E specified the levels in 
several irregular orders. 

Category production.—These instructions 
were: “You are asked first to exert a light 
force on the handle, then a heavy force, and 
following these, forces of various magnitudes. 
The idea is to exert forces that belong to one 
of seven equal categories. The first force 
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Fic. 2. Ratio production of forces ex- 
erted on movable handle. Unfilled circles: 
derived from median ratios of 150 one-half 
judgments (10 Os distributed among six equal 
intervals of force; see text). Unfilled squares: 
derived from median ratios of 150 double 
judgments (10 Os) distributed among six 
intervals of force. Dashed line shows equal 
physical force. Exponent of power function 
is 2.0. Filled circle and square: mean results 
of two Os (Fullerton & Cattell, 1892). 


(the light one) will belong to Category 1; the 
second force (the heavy one) will belong to 
Category 7. If you are then given the 
number 5, for example, you will exert a force 
that belongs to the fifth category, etc.” 


Results 


Ratio production.—On the average, 
the ratio of the greater to the smaller 
force of a pair in 2 to 1 subjective 
relation turned out to be approxi- 
mately constant at about 1.4/1.0. 
The largest deviation from this ratio 
occurred in the direction of smaller 
ratios when O attempted to double a 
rather large initial force. 

Since for each judgment O deter- 
mined the value of the first of a pair 
of pulls, the problem arises, how to 
average the data when different Os 
started from different initial values. 
Actually, several alternative proce- 
dures were found to give essentially 
the same result. One of these was to 
divide the entire range of initial forces 
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into six equal intervals of force, and 
to obtain the median ratio (of the 
greater to the lesser force) belonging 
to each interval. Figure 2 shows the 
results in log-log coordinates. For 
each interval, the value of the greater 
force (ordinate) has been plotted 
against the value of the smaller force 
(abscissa). The fact that the data 
can be fitted reasonably well by a line 
with a slope of 1.0 signifies that the 
greater force tends to be a constant 
multiple of the smaller, and conse- 
quently that subjective magnitude 
approximates a power function of the 
force exerted. The position of the 
line suggests that apparent force 
grows roughly as the square of the 
force exerted. 

Magnitude production (group re- 
sults).—Figure 3 (top) records the 
group results obtained with the two 
kinds of apparatus. From the fact 
that the points (medians) determine 
straight lines in log-log coordinates, 
we may conclude that apparent force 
grows as a power of the force exerted. 
The similarity of the two functions 
in Fig. 3 suggests that there is a 
negligible difference between exerting 
force across a fairly short but per- 
ceptible distance and exerting force 
on a virtually stationary handle. 

The lines of Fig. 3 have slopes close 
to 2.0; thus the results of magnitude 
production, like those of ratio pro- 
duction, imply that apparent force 
grows approximately as the square of 
the physical force. 

Magnitude estimation (group re- 
sults).—Figure 3 (lower) shows two 
functions determined by magnitude 
estimation. The linearity of these 
functions substantiates the outcome 
of ratio production and magnitude 
production, i.e., that the apparent 
magnitude grows as a power of exerted 
force, but the estimation functions 
are governed by a slightly smaller 
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Fic. 3. Magnitude production and mag- 
nitude estimation (group results). The points 
stand for the median force exerted (filled 
points) or for the median estimate given (un- 
filled points). In order to separate the 
curves, the ordinate values of the respective 
functions (reading from top to bottom) have 
been multiplied by 30, 10, 2, and 1. 


exponent—about 1.6 or 1.7, as inferred 
from the slopes of the lines in Fig. 3. 

Individual results —It turned out 
that the medians of the results for 
each O separately could be fitted well 
by straight lines in log-log coordinates. 
Although the slope varied from one O 
to another, the judgments of each 
individual O determined a good ap- 
proximation to a power function. 
This was true for the results of both 
magnitude estimation and magnitude 
production. The median slope of all 
the individual functions is 1.7, but 
the tendency shown in Fig. 3 for 
magnitude production to yield steeper 


TABLE 1 


MEDIAN INDIVIDUAL SLOPE AND COMPOSITE 
Group SLOPE OBTAINED UNDER 
DIFFERENT EXPERIMENTAL 
ConDITIONS 


Magnitude 
| Production | 


Magnitude 
Estimation 


Mov- | Sta- | Mov- | Sta- 

| able |tionary| able | tionary 
Handle} Handle| Handle} Handle 
| | 


| — 





Measure 





Median slope : 
(Q; — Q;)/2* 0. 
Composite slope | 2. 


:. 
5 | 0. 
1. 


4 
0 


* Semi-interquartile range of individual slopes. 


slopes than magnitude estimation 
also characterized the _ individual 
functions. As shown in Table 1, the 
median of the individual slope values, 
obtained under a particular experi- 
mental condition, agrees well with 
the slope value determined by the 
composite group results for the same 
condition. Also listed in Table 1 are 
the semi-interquartile ranges of the 
individual slope values. 

Category production.—The category 
scale of the forces exerted by the eight 
Os turned out to be nonlinear when 
plotted against the ratio scale deter- 
mined by magnitude production. The 


CATEGORY NUMBER 


CATEGORY PRODUCTION 


a a a a a 
RELATIVE APPARENT MAGNITUDE 
Fic. 4. Category production. Each point 
is the median of 56 judgments by eight Os. 
The ordinate is the category number specified 
by E; the abscissa is proportional to the 
square of the force exerted by O. 
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ordinate of Fig. 4 is the 7-point cate- 
gory scale, and the abscissa is a scale 
of apparent force as determined by 
magnitude production, i.e., the abscissa 
is proportional to the square of the 
exerted force. Although the points 
stand for the medians of the combined 
judgments of all eight Os, each O by 
himself determined a function of 
similar curvature. For a discussion 
of the nonlinearity between ratio 
scales and category scales, which 
seems to characterize all prothetic 
perceptual continua, see S. S. Stevens 
and E. H. Galanter (1957). 


Discussion 


Although the results show that the 
apparent magnitude of handgrip grows 
as a power function of the force exerted, 
in general, the production procedures 
yield slightly steeper slopes (larger 
exponents) than the estimation pro- 
cedure. It has been suggested by S. S. 
Stevens (1958) that biases associated 
with the two procedures probably oper- 
ate in opposite directions. Hence it 
may prove advisable to take seriously 
the results of both procedures and to 
assume that together they yield a more 
valid function than they do separately. 
Since the median exponent of all the 
individual functions equals 1.7, we shall 
probably not go far astray in concluding 
that the apparent magnitude grows 
approximately as the 1.7 power of the 
force exerted. 

The variability among the slopes of 
the individual functions may conceivably 
come about in part because of anatomical 
differences among Os, e.g., in the capacity 
of the musculature or in the shape-of the 
hands, but it appears doubtful that such 
differences constitute a very large source 
of the variability. If they did, we would 
expect an O who produced a steep func- 
tion under one condition to produce a 
steep function under another condition 
as well. Actually, it turned out that Os 
who took part in more than one experi- 
ment did not produce highly consistent 
slopes. It would seem probable, there- 
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fore, that the variation in slope comes 
about primarily because, like any other 
performance, O’s attempt to fix upon 
and hold to a constant “quantitative” 
criterion varies from time to time, as 
well as from person to person. 

Whatever the reason for the individual 
differences in slope may be, it is en- 
couraging that the results obtained from 
the typical O agree fairly well with the 
early fractionation results reported by 
Fullerton and Cattell (1892). In that 
experiment, each of two Os made 100 
attempts to double a force of about 3 
kgm. and to halve a force of about 12 
kgm. The mean forces produced by 
the two Os appear in Fig. 2. 

It is also of interest that some results 
by Girden? seem to corroborate the 
present study. Three Os applied rota- 
tional pressure on a knob, first to a 
standard magnitude and then to a 
magnitude that appeared one-half as 
great. On the average, the ratio of the 
greater to the smaller force equaled 
approximately 1.5/1.0 (compared with 
1.4/1.0 for the “‘halving’’ judgments in 
the present study). Although Girden’s 
standard forces, which ranged from 50 
to 200 gm., were orders of magnitude 
smaller than the forces judged in the 
present experiments, and although the 
nature of the muscular responses was 
considerably different, the results pro- 
duced a power function with an exponent 
of about 1.7. 

Some results reported by Bernyer 
(1959) are also of interest. The Os 
pushed on a lever, first to some standard 
magnitude (between 100 and 1000 gm.) 
and then to a magnitude that appeared 
one-half or twice as great. For each O 
the ratio of the greater to the lesser 
push was approximately constant at 
1.4/1.0, the same ratio that was, on the 
average, obtained in the present study 
using force of handgrip. 


ForcE APPLIED TO THE SKIN 


The perception of force applied to 
the passive skin is rather different 


?Girden, E. 
1958. 


Personal communication, 
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from the perception of force exerted 
actively by the muscles. The exer- 
tion of force excites the kinesthetic 
sense as well as the senses of touch 
and pressure, whereas forces received 
in a passive way presumably involve 
the senses of touch and pressure. 
It is not surprising, therefore, that the 
scales of subjective magnitude are 
different for these two kinds of stimu- 
lation. The following experiments 
show that the apparent magnitude 
of force applied to the palm of the 
hand grows approximately as the 
first power of the physical magnitude 
(as contrasted with the 1.7 power 
for muscular pull). 


Procedure 


The O rested his right hand and arm on a 
table, palm up. Forces on the palm were 
applied by means of the push rod of a Pelouze 
Tension Testing Scale. The O kept his eyes 
closed while E applied the desired level of 
force to O’s palm for about 2.5 sec. The 
stimuli were five levels of force, between 0.5 
and 5 lb. It was possible to adjust the areal 
contact betwéen the push rod and the skin 
by attaching smooth, circular brass contact 
buttons to the end of the rod. The diameters 
of the buttons used in three different experi- 
ments were 0.19, 0.50, and 1.25 in. 

Except for the differences in the area over 
which the force was applied, the three experi- 
ments followed the same procedure. The 
instructions were to let the number 10 stand 
for the apparent magnitude of the first force 
(always 2 lb.), and to assign numbers to 
successive stimuli in proportion to apparent 
magnitude. After the presentation of the 
first stimulus, each O received the set of 
stimuli four times. Between the second and 
third sets, Z presented again the 2-lb. stimu- 
lus, and identified it again as 10. The stimuli 
were presented in a different order to each O. 

Each experiment employed 12 Os. Some 
took part in all three experiments, others in 
two of the three experiments, and still others 
in only one experiment. 


Results 

As shown in Fig. 5, the median 
estimates determine linear functions 
in log-log coordinates. The slopes 
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Fic. 5. Magnitude estimation of force 
applied to the palm of the hand. Each point 
stands for the median of 48 judgments by 12 
Os. In order to separate the three functions 
the medians of the top function have been 
multiplied by 10 and the medians of the 
middle function have been multiplied by 2. 


of these functions are all slightly 


larger than unity—about 1.1. The 
area of contact did not seem to make 
much difference. This outcome in- 
dicates that the apparent magnitude 
of force applied to the skin grows as a 
power function of the stimulus, with 
an exponent that is decidedly smaller 
than the exponent that governs the 
scale for muscular pull. 


Cross-MopAL MATCHING BETWEEN 
FORCE OF HANDGRIP AND 
ForRCE APPLIED TO 
THE SKIN 


A procedure has recently been 
described by S. S. Stevens (1959a) 
which makes it possible to verify 
the relative forms of ratio scales of 
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apparent magnitude. Under this pro- 
cedure, O tries to match the apparent 
magnitudes of sensations aroused 
through different sense modalities. 
If two scales are both power functions 
of the stimulus, direct cross-modal 
matching ought to determine an 
equal-sensation function that plots 
as a straight line in log-log coor- 
dinates. The slope of the line should 
equal the ratio between the exponents 
of the separate functions. By cross- 
modal matching, S. S. Stevens (1959a) 
was able to validate the subjective 
scales for loudness, vibration, and 
electric shock, as well as the scales 
for vibration applied to two different 
parts of the body (1959b). 

A similar matching procedure was 
used to compare the scale for force 
applied to the passive palm with the 
scale for active muscular pull. If, 
for the actively exerted force, the 
apparent magnitude f, relates to the 
physical force F, by the power 
function : 


[1] 


and if the apparent magnitude f, of 
force applied to the palm relates to 
the physical force F, by the power 
function: 


f, = (F,)*" 


[2] 


then it follows that the equal-magni- 
tude function, determined by direct 
matches, ought to have the form: 


F, = (F,)°*. 


[3] 


The exact value of the exponent to be 
expected will depend, of course, upon 
procedural details, but an exponent 
in the vicinity of 0.6 or 0.7 is a 
reasonable expectation. 


Procedure 


The O exerted forces on the dynamometer 
(stationary handle) to match the apparent 
values of forces applied to his left palm by E. 
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Fic. 6. Equal-sensation function relating 
active and passive force. The force exerted 
on the dynamometer by the right hand is 
plotted against the force applied to the palm 
of the left hand. Each point stands for the 
median of 40 matches by 10 Os. 


The O made four matches of each of 
levels of force between 0.5 and 5 Ib. Ten Os 
took part. Before the session, O was told 
to approach a final judgment by bracketing 


five 


Results 


Most Os reported that the judg- 
ment was not particularly difficult. 
As might be expected, the absolute 
value of the force exerted for a match 
varied considerably from one O to 


another. Our particular interest, how- 
ever, is in the relative values, for these 
determine the form of the equal-sensa- 
tion function. In Fig. 6, the median 
of the force exerted by the 10 Os is 
plotted against the force applied to 
the palm. In log-log coordinates the 
medians determine a _ straight line 
whose slope, 0.66, is close to the slope 
predicted. Thus, to a fair approxi- 
mation, the equal-sensation function 
confirms the difference in size between 
the exponents obtained in the direct 
ratio-scaling experiments. 


Cross-MopAL MATCHING BETWEEN 
FORCE OF HANDGRIP AND 
LIFTED WEIGHTS 


The purpose here was to extend the 
matching procedure to a comparison 
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of the veg scale of apparent heaviness 
and the scale for apparent force of 
handgrip. Since both scales are power 
functions, matching lifted weights, 
by exerting forces on the dyna- 
mometer, ought to determine in log- 
log coordinates a straight line with a 
slope of 0.85, which is the ratio of the 
exponent of the veg scale (about 1.45) 
to the exponent of the handgrip 
function (about 1.7). 


Procedure 


Using his right hand, O exerted forces on 
the stationary handle to match the apparent 
heaviness of weights lifted simultaneously 
with the left hand. Each of six weights, 
ranging from 28 to 480 gm., was matched 
three times by each of 10 Os. 


Results 


Figure 7 shows the median forces 
exerted on the hand dynamometer 
to match the lifted weights. The 
straight line in log-log coordinates 
has a slope of 0.8, which is reasonably 


close to the predicted value of 0.85. 


This outcome suggests that the veg 
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Fic. 7, Equal-sensation function between 
handgrip and lifted weights. The force 
exerted by the right hand is plotted against 
the value of the weight lifted by the left hand. 
Each point stands for the median of 30 
matches by 10 Os. 
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scale and the handgrip scale are, in 
fact, slightly different functions of 
physical force. As a further check 
on the reliability of this difference, 
seven of the Os who participated in 
this experiment later made magnitude 
estimates of the same set of weights. 
The slope of the power function 
determined by these estimates turned 
out to be 1.4, which is reasonably 
consistent both with the veg scale 
and with the value that would be pre- 
dicted from a knowledge of equal- 
sensation function and the exponent 
for apparent force of handgrip. 


DISCUSSION 


The foregoing series of experiments 
has shown not only that a consistent 
scale of apparent force can be constructed 
by different scaling procedures, but that 
the validity of the resulting scale can 
be checked by cross-modal comparisons 
with other scales, independently arrived 
at. The outcome of these comparisons 
adds further evidence of the generality 
of the power function, and gives added 
assurance that we know the approximate 
values of the exponents of the various 
subjective scales. 


SUMMARY 


By three types of direct scaling procedures, 
it was demonstrated that the apparent magni- 
tude of handgrip grows approximately as a 
power function of the force exerted on a hand 
dynamometer. The exponent of the function 
is about 1.7. The exponent of the power 
functions for some individual Os may depart 
considerably from the median value. 

It was also shown that the apparent magni- 
tude of a force applied to the passive skin 
grows roughly proportionally to the physical 
force. The results of magnitude estimation 
show that the apparent magnitude grows 
approximately as the 1.1 power of the force 
applied to the palm of the hand. 

In order to test the validity of these two 
psychophysical functions, Os were asked to 
exert forces on the dynamometer that ap- 
peared to match the magnitude of forces 
applied to the palm. This procedure deter- 
mined an equal-sensation function, whose 
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form is a power function, and whose slope is 
predicted by the ratio between the exponents 
of the two subjective scales. 

The matching procedure was also used to 
compare the scale of apparent handgrip with 
the veg scale of apparent heaviness. The 
O produced forces on the dynamometer that 
appeared to match the heaviness of various 
lifted weights. The equal-sensation function 


thus generated verifies the fact that the 
exponent of the veg scale is about 80% as 
large as the exponent of the handgrip function. 
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SUPPLEMENTARY REPORT: MAINTENANCE OF A PREVIOUSLY 
LEARNED CONCEPT AS A FUNCTION OF 
PARTIAL REINFORCEMENT 


ARNOLD H. BUSS 


University of Pittsburgh 


A previous study (Buss, 1953) attributed 
the slowness of nonreversal shift to partial 
reinforcement of the previously acquired 
concept. In neither that study nor subse- 
quent ones was the percentage of partial 
reinforcement varied systematically. Gor- 
mezano and Grant (1958) varied the per- 
centage of reinforcement of partially cor- 
related concepts during the learning of the 
original concepts. The present experiment 
varies partial reinforcement of the previous 
concept after a shift is required, during 
learning of the second concept. If the original 
analysis is correct, the greater the percentage 
of reinforcement, the more the previously 
learned concept will be maintained. 

Method.—Eighty college students from 
introductory psychology classes were ran- 
domly assigned to four groups of 20 each. 
The stimuli were the same wooden blocks 
used in the previous study. There were two 
heights, three shapes, three colors, and three 
top surface areas, and each block differed 
from every other one in at least one of these 
four attributes. 

There were two series of stimuli. Series 1 
consisted of 10 stimuli, and all groups learned 
a shape discrimination (circles positive, non- 
circles negative) with 100% reinforcement. 
Series 2 consisted of 24 stimuli, and a height 
discrimination (tall positive, short negative) 
was 100% reinforced for all groups. In 
Series 2 the shape discrimination previously 
learned received 0%, 25%, 50%, and 75% 
reinforcement in Groups I-IV, respectively. 
The 25% reinforcement (Group II) of the 
shape discrimination was accomplished by 
manipulating height and shapé combinations. 
Two of the 8 circles were tall, and 4 of the 
16 noncircles were short. This partial 
covariation insured that S would be reinforced 
25% of the time for shape while being rein- 
forced 100% of the time for a height dis- 
crimination. The covariation between height 
and shape was 50% in Group III and 75% 
in Group IV. In Group I (0%), all tall 
stimuli were noncircles and all short stimuli 
were circles. Thus there were 0% reinforce- 
ment of circles positive, noncircles negative 


and 100% reinforcement of a reverse shape 


discrimination 
negative). 

In both series the stimuli were presented 
singly. The S said “Vec” or “not Vec,” 
after which the E said Right or Wrong. 

Results and Discussion.—The measure was 
the frequency of ‘‘Vec” responses. In Series 
i, Ss in all groups learned the shape concept, 
making ‘‘Vec” responses to circles and “‘not 
Vec” responses to noncircles (squares and 
triangles). In Series 2 this shape concept 
was reinforced with varying 
depending upon the group. 
divided into halves, 
frequencies of ‘Vec” 
in Table 1. 

During the first half of Series 2, Groups | 
and II were in the process of shifting from 
the previously learned shape concept to the 
height concept that was now being 100% 
reinforced. Groups III and IV were main- 
taining the previously learned shape concept. 

In the second half of Series 2, Group 
I shifted to the reversed shape concept that 
was being reinforced simultaneously (and 
100%) with the height concept. Group II 
now failed to discriminate between the shapes 
of the stimuli, and Groups III and IV con- 
tinued to maintain the shape concept that 
had been learned in Series 1. 

“Vec"’ respouses to circles show a steady 
increase and to noncircles a steady decrease 


(noncircles positive, circles 


percentages, 
Series 2 was 
and the percentage 
responses are shown 


as a function of percentage of reinforcement 
of the previously learned shape concept 
Analyses of variance of “Vec’’ response 
frequencies yielded Fs of 22.4 (df = 3, 76; 


TABLE 1 


PERCENTAGE OF “Vec"’ RESPONSES 
SERIES 2 


First Half Second Half 


Group 


I (0%) 
II (25%) 
Ill (S0%) 
LV (75%) 
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P = .O1) and 37.9 (df = 3, 76; P = .001) 
for circles and noncircles, respectively. 

Thus, the greater the percentage of rein- 
forcement, the more the previously acquired 
concept is maintained. This finding confirms 
the original formulation (Buss, 1953) and 
is consistent with the Gormezano and Grant 
(1958) results with the Wisconsin Card 
Sorting Test. They demonstrated that par- 
tial reinforcement of a concept during original 
learning impedes learning of a new response. 
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REPORT: WORK AND RES! 
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The present study shows that partial rein 
forcement of the old concept during the 
learning of a new concept impedes its learning 
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AS VARIABLES IN 


CYCLICAL MOTOR PERFORMANCE 


ABRAM M. BARCH 


Michigan State U niversity 


Kimble and Bilodeau (1949) analyzed the 
separate and joint effects of work and rest 
variables using the turning task of the 
Minnesota Rate of Manipulation Test 
(MRMT). They found that lengthening the 
trial period produced an immediate and 
constant performance decrement. However, 
their 10-sec. and 30-sec. trial groups had a 
qualitative as well as quantitative difference 
in task activities. 

Every trial for each group began with the 
upper right-hand corner of the board. More 
of the 30-sec. trial Ss could complete the top 
row of blocks and would need to reverse 
direction of movement and hand activity 
than the 10-sec. trial group Ss. This reversal 
of movement and hand activity is one of the 
sources of difficulty on the turning task, 
especially during the early trials. This 
methodological flaw could have produced the 
finding of an immediate and constant effect 
of increasing trial duration and might also 
be related to the lack of interaction found 
between work and rest variables. 

Kimble and Bilodeau also reported that 
the increasing trial duration had a greater 
effect on performance than increasing rest 
duration. However, this difference was 
decreasing with practice and the relationship 
might have reversed with practice beyond 
300 sec. This is of some importance in 
that Kimble (1949) applied his general 
analysis to the alphabet printing task and 
replicated all of the findings of the previous 
study, with the exception of the one con- 
cerned with the relative importance of work 
and rest. However, an error apparently 
was made in the analysis of this latter study. 
If the reader will analyze the data cited, he 


will find that the results show, with a total 
of 600 sec. of practice, that the effect of 
increasing rest duration increases with pra 
tice until it becomes equivalent to the effect 
of increasing trial duration. 

Method.—The present study replicated the 
significant features of the Kimble and Bilo- 
deau experiment with three exceptions 
(a) Ss began each trial after the first at the 
point reached on the board at the end of the 
previous trial; (b) total amount of practice 
was increased from 300 to 600 sec.; (c) Ss 
were naive to the MRMT. Each 
contained 18 men and 6 women 
introductory psychology class. 

Results —Performance increments 
trials (Fig. 1) were still evident even after 9 
min. of practice, while the Kimble 
Bilodeau groups had apparently reached 
asymptotic performance within 5 min. In 
addition, our groups show greater irregularity 
in performance from one 30-sec. block to 
another. These differences are probably 
due to our use of naive Ss and the shifting 
starting point 


group 
from an 


over 


and 


An analysis of variance (Lindquist, 1953, 
Type I11) was used to test the interaction 


trials. The 
effect of increasing trial duration was highly 
significant (F = 7.52 for 1 and 92 df) and 
did not interact with amount of practice on 
the task or with the effect of increasing rest 
duration. The effect of increasing 
increased with practice. Thus, all the 
statistical findings of the previous study were 
supported despite procedural changes. 

Figure 2 presents the graphical analysis 
of the relative effects of changing work 


of work and rest over 30-sec. 


rest 
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MEAN BLOCK SCORE 
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"1G. 1. Mean block score over 30-sec. periods of practice. 
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Graphical analysis of single and joint effects of increasing work and rest duration. 
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period, rest period, or both. Early in prac- The marked agreement found in the three 


tice the score difference attributable to length- 
ening trial duration is definitely greater than 
that due to shortening the rest period. As 
practice continues these two differences be- 
come equivalent but do not reverse their 
position. This result is the same as that 
obtained for the alphabet printing task when 
the cited data is used (Kimble, 1949) and 
probably would have been obtained in the 
original MRMT study if more practice had 
been given. 


studies on work and rest variables would 
seem to demand theoretical attention. 
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